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ABS TRACT 

The superheated-steam test exposed different ethylene 
propylene rubber (EPR) cables and insulation specimens to 
simultaneous aging and a 21-day simultaneous accident 
environment. In addition, some insulation specimens were 
exposed to five different aging conditions prior to the 
21-day simultaneous accident simulation. The purpose of 
this superheated-steam test (a follow-on to the 
saturated-steam tests (NUREG/CR-3538)) was to (1) examine 
electrical degradation of different configurations of EPR 
cables, (2) investigate differences between using 
superheated-steam or saturated-steam at the start of an 
accident simulation, (3) determine whether the aging 
technique used in the saturated-steam test induced 
artificial degradation, and ( 4 )  identify the constituents in 
EPR that affect moisture absorption. 

The cable electrical degradation was determined by 
insulation resistance and AC leakage current measurements. 
One aged multiconductor cable product had electrical 
degradation, although the aged single conductor cable did 
not have electrical degradation. Therefore, the current 
qualification practice of using single conductor cables to 
qualify multiconductor cables may not be a conservative 
approach for all cables. Physical and tensile properties 
(measured after the accident) for insulation specimens did 
not improve as the accelerated aging time was increased. 
Therefore, the aging technique did not induce artificial 
degradation. In addition, the constituents that appear to 
affect moisture absorption and/or produce other chemical 
changes are fire retardants, nonsurface treated clay, or 
lack of vinyl silane. 
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EXECUTIVE SUMMARY 

The purpose of the superheated-steam test (a follow-on test 
to the saturated-steam tests discussed in NUREG/CR-3538) was 
to: 

1. 

2. 

3. 

4. 

Examine electrical degradation of single conductor, 
multiplex, and multiconductor ethylene propylene 
rubber (EPR) cables, 

Investigate the effect of using superheated-steam 
rather than saturated-steam at the start of an 
accident simulation, 

Determine whether or not the aging technique, used 
during the aging portion of the saturated-steam 
test, influenced moisture absorption in the 
insulation and thereby induced artificial 
degradation, and 

Identify the constituents in EPR which affect 
moisture absorption and dimensional swelling. 

To answer these questions, three subtests were conducted. 
In Subtest 1. three cable types (EPR D lot 1, EPR D lot 2, 
and EPR H) were exposed to simultaneous aging and a 21-day 
simultaneous accident environment. These cables were in 
three different configurations: single conductor, 
multiplex. and multiconductor. In Subtest 2, EPR D lot 1 
and EPR F insulation specimens were exposed to five 
different aging conditions and then to the 21-day 
simultaneous accident environment. In Subtest 3, EPR-1483 
insulation specimens and five variations of EPR-1483 were 
exposed to simultaneous aging and the 21-day simultaneous 
accident environment. The constituents of EPR-1483 that 
were varied included fire retardant, surface-treated clay, 
and vinyl silane. 

The results of Subtest 1 have shown that aged EPR D lot 1 
multiconductor cables (but not the aged single conductor, 
aged multiplex, or unaged multiconductor cables) experienced 
substantial electrical degradation when superheated-steam 
conditions were used at the start of the LOCA profile. 
Electrical degradation (the cables failed to maintain high 
insulation resistance values) occurred between 19 and 21 
days into the accident simulation--slightly later than in 
the saturated-steam test. Furthermore, for these aged 
multiconductor cables, the jackets were split at the 
conclusion of the accident simulation and the cables failed 



the one minute at 1800 Vac test (which is less severe than 
the five minute 80 V/mil withstand test.) EPR D lot 2 and 
EPR H did not show different electrical results between 
single and multiconductor configurations. These cables even 
passed the five minute 80 V/mil withstand test. 

The results of Subtest 2 showed that the physical and 
tensile properties (measured after the accident simulation) 
did not improve as the accelerated aging time was increased. 

Although all EPR-1483 insulation specimens in Subtest 3 
showed a chemical change after the accident simulation, 
removing the surface treatment of the clay or the vinyl 
silane bonding caused a loss of ingredients and other 
chemical changes. In addition, insulation specimens without 
a fire retardant absorbed less moisture and had better 
tensile properties than those with either a chlorine or 
bromine fire retardant. 

From the results of the three subtests and the saturated- 
steam test, the following conclusions were drawn: 

1. 

2. 

3 .  

4 .  

S 
C 
d 

'ince 
able 
iffe 

only one product (aged multiconductor EPR D lot 1 
) had low IR values and large leakage currents, the 
rences between the electrical degradation of single 

and multiconductor cables do not appear to be generic to 
all cables. However, because single conductors and 
multiconductors did behave differently for the aged 
EPR D lot 1 cables, the current equipment qualification 
practice of using single conductors to qualify 
multiconductors may not be a conservative approach for 
all cables. 

Since cable electrical degradation was not observed until 
several days after the start of the accident exposure, 
safety systems that are required only at the start of an 
accident may not be impacted by this degradation process. 

Since the same results occurred using either superheated- 
steam or saturated-steam at the start of the accident 
simulation, it does not appear that saturated-steam 
conditions forced moisture into the cable causing the 
cable to fail prematurely. (Superheated-steam only 
delayed the electrical degradation of the cables slightly.) 

It was suggested, in the saturated-steam test, that the 
single conductor showed no electrical degradation due to 
the absence of jacket-insulation interaction effects and 
less severe bending (no helical bend component). Because 
the multiplex cable,in the superheated-steam test, had no 
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5. 

6 .  

electrical degradation, the primary cause of multiconductor 
failure is due to the jacket-insulation interaction 
effects . 
EPR D lot 1 was certified to LOCA requirements, but failed 
to maintain high insulation resistance values throughout 
the test. EPR D lot 2 ,  although not certified, passed the 
test. From a chlorine and bromine analysis, the 
insulation was found to be different for each lot. 
However, since the physical and tensile properties were 
similar between batches of EPR-1483 (from Subtest 3 )  with 
a chlorine or a bromine fire retardant, Other formulation 
differences and the processing between lots 1 and 2 may 
also be different. 

The aging dose rates and temperatures in the 
superheated-steam and saturated-steam tests were not 
inducing artificial degradation because the physical and 
tensile properties (measured after the accident 
simulation) did not improve as the accelerated aging time 
was increased. 

7. The constituents that appear to affect moisture absorption 
and/or produce Other chemical changes are fire retardants 
(chlorine or bromine), nonsurface treated clay, and lack 
of vinyl silane. 

- 3 -  



1. INTRODUCTION 

The report, "The Effect of LOCA Simulation Procedures On 
Ethylene Propylene Rubberls Mechanical and Electrical 
Properties (NUREG/CR-3538)," included two tests with 
simultaneous thermal and radiation aging and a simultaneous 
radiation and steam accident environment (Reference 1). The 
temperatures for the accident profiles were similar to those 
of the LOCA profile of IEEE 323-1974. The pressure profile 
was based on saturated-steam conditions associated with 
those temperatures. These tests will hereafter be referred 
to as the saturated-steam tests. 

One aged, ethylene propylene rubber (EPR) cable product in 
the saturated-steam tests showed the following result: the 
multiconductor cable had substantial electrical degradation 
but no electrical degradation was apparent for the single 
conductor cable. This aged, EPR D lot 1 multiconductor 
cable also had moisture absorption and swelling. It was 
hypothesized that the dimensional swelling of the insulation 
caused stress buildup within the multiconductor geometry. 
When the jacket split to relieve the stress, the sudden 
release of constrictive force on the insulators may have 
caused cracking or breakup of the insulation. It was 
suggested that EPR D lot 1. single conductor cable performed 
better due to the absence of jacket-insulation interaction 
effects and less severe bending (no helical bending). 

In the past, the jacket was considered to provide protection 
to the multiconductor cable that was not available to single 
COndUCtOr cables. Because of this, IEEE 383-1974 allowed 
qualification tests for single COndUCtOr cables to be used 
as a basis for qualification of multiconductor cables. 
However, the results of the saturated-steam tests indicate 
that this may not be the most conservative approach for all 
cables. 

Because this conclusion could impact current equipment 
qualification regulations, the test conditions were 
re-examined. A question was raised as to whether using 
saturated-steam conditions, rather than superheated-steam 
conditions, at the start of the accident profile may have 
forced moisture into the cable and have caused the cables to 
fail prematurely. 

In order to address this question and several other 
questions arising from the saturated-steam cable tests, a 
superheated-steam test program was conducted. The questions 
to be answered include: 

-4 -  



1. Will EPR D lot 1 multiconductor cables experience 
substantial electrical degradation if 
superheated-steam rather than saturated-steam 
conditions are used at the start of the LOCA 
profile? 

2. Do other EPR cable products show different 
electrical results between single and 
multiconductor configurations? 

3 .  Does the aging technique influence moisture 
absorption in the insulation?, and 

4. What constituents of the insulation influence 
moisture absorption? 

The radiation, temperature, and pressure levels of the 
superheated--steam test were similar to those of the previous 
saturated-steam test. For  aging, a slightly lower dose rate 
was used. For the simultaneous accident exposure, the 
differences included using superheated-steam conditions at 
temperatures above 154OC and lower dose rates. 

The superheated-steam test was composed of the three 
subtests described below. 

Subtest 1 

The purpose of this subtest was to answer two questions: 
(1) Will EPR D lot 1 multiconductor cables experience 
substantial electrical degradation if superheated-steam 
rather than saturated-steam conditions are used at the start 
of the LOCA profile? and (2) Do other EPR cable products 
show different electrical results between single and 
multiconductor configurations? In addition, this subtest 
provided a comparison between different cable lots and 
information on jacket-insulation interaction by including 
three configurations of cables. 

Subtest 1 included three EPR cable products: EPR D lot 1, 
EPR D lot 2, and EPR H. Three different configurations of 
cabling (multiconductor, multiplex, and single conductor) 
and insulation specimens were included. Multiplex, single 
conductor, and insulation specimens were created by 
disassembling multiconductor cables. Therefore, the 
manufacturing process was the same for all specimens. 

The test specimens were subjected to simultaneous aging 
equivalent to forty years at 55OC:  4 0  Mrad (at 0.27 Mrad/hr 
for 149 hrs) and 139OC for 167 hours. Aged, as well as 
unaged test specimens, were subjected to the accident 
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profile. The 21-day simultaneous accident profile included 
approximately 110 Mrad and a steam environment with a 
maximum temperature of 171OC and a maximum pressure of 
448 kPa (65 psig). 

Subtest 2 

The purpose of Subtest 2 was to determine if the aging 
technique, used during the aging portion of the 
saturated-steam test, influenced moisture absorption in the 
insulation and thereby induced artificial degradation. If 
moisture absorption remains constant, even though the aging 
time is increased, then the increase in moisture would 
appear to be realistic--not an artifact of the accelerated 
aging technique. However, if differences in moisture 
absorption are found by using different dose rates and aging 
temperatures, then the aging technique used in the previous, 
saturated-steam experiment may have produced artificial 
degradation. 

EPR D lot 1 and EPR F insulation specimens were prepared 
from multiconductor cable and single conductor cable, 
respectively. These insulation specimens were exposed to 
five different simultaneous thermal and radiation aging 
conditions using progressively lower temperatures (155OC to 
103OC) and lower dose rates (765 krad/hr to 16 krad/hr). 
The specimens were exposed to the same equivalent age: 
(1) 50 Mrad and 40 years at 55OC or (2) 25 Mrad and 20 years 
at 55OC (assuming a 1-04 eV activation energy). These 
samples were then exposed to the accident simulation 
described in Subtest 1. 

Subtest 3 

The purpose of Subtest 3 was (1) to identify constituents 
which cause moisture absorption and dimensional swelling in 
the insulation and (2) to help establish the applicability 
of the test results to other cable products. This was done 
using a nonproprietary formulation (EPR-1483). 

EPR insulation is comprised of approximately forty percent 
EPR polymer by weight. The remaining sixty percent of the 
formulation includes fire retardants, clay fillers, coupling 
agents, and other ingredients. The presence of these 
constituents may affect the moisture absorption of the 
insulation. For the superheated-steam test, the fire 
retardant, clay filler, and coupling agent were changed. 

EPR 1483 and five variations of EPR 1483 were exposed to 
simultaneous thermal and radiation aging: 300 krad/hr and 
141OC for 167 hours or 300 krad/hr and 141OC for 83.5 hours. 
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The specimens were exposed to the same equivalent age: 
(1) 50 Mrad and 40 years at 55OC or (2) 2 5  Mrad and 20 years 
at 55OC (assuming a 1-04 eV activation energy), 
respectively. These samples were then exposed to the 
accident simulation described in Subtest 1. 
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2. MATERIALS 

The following commercial EPR products were used in this test: 

1. EPR D lot 1: A three conductor, 600 V, control cable 
with flame-retardant EPR insulation. The jacket is made 
of chlorinated polyethylene. The cable met the 
requirements of LEEE 383-1974 and was purchased from the 
manufacturer by Sandia National Laboratories in 1981. 

2. EPR D lot 2: The same cable product as lot 1; however, 
the manufacturer did not certify that it met IEEE 
383-1974 requirements. The cable was purchased in 1984 
from a distributor for the manufacturer. 

3. EPR F: A single conductor, 600 V power and control 
cable with flame-retardant EPR insulation. The cable 
met the requirements of IEEE 383-1974 and was purchased 
from the manufacturer by Sandia National Laboratories in 
1982. 

4. EPR H: A three conductor, 600 V, power and control 
cable which is a multiconductor version of EPR F. The 
cable has a flame-retardant EPR insulation and a 
vulcanized chlorosulfonated polyethylene jacket. The 
cable met the requirements of IEEE 383-1974 and IEEE 
323-1974 and was obtained from the Washington Public 
Power Supply System in 1985. 

5. EPR 1483 and five variations: The nonproprietary 
formulation of EPR 1483 is similar to the commercial EPR 
products in use in nuclear power plants (Reference 2). 
The formulations for the six compounds are given in 
Table 1 and the differences between the six compounds 
are identified in Table 2. These six compounds were 
mixed, cured, and made into sheets by the Akron Rubber 
Development Laboratory, Inc. These sheets were 
purchased in 1984. (The data from Akron Rubber 
Development Laboratory is found in Appendix A). 

These materials were used in the following forms: 

1. Cables as received from the factory: multiconductor 
cable (EPR D lot 1, EPR D lot 2, and EPR H) and single 
conductor cable (EPR F). 

2. Multiplex cable: Multiplex cables are multiconductor 
cables with the outer jacket removed. The conductors 
remain in their twisted (multiconductor) configuration 
(EPR D lot 1 and EPR H). 
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Table 1 

Formulations of EPR 1483 and Five Variations 

Amount (Par ts/Hundred) 

Batch: 1 2 3 4 5 

Nordel 2722 90.0 90.0 90.0 90.0 90.0 
DYNH No. 1 20.0 20.0 20.0 20.0 20.0 

Z i n c  Oxide 5.0 5.0 5.0 5.0 5.0 

Paraffin wax 5.0 5.0 5.0 5.0 5.0 

Zetax 2.0 2.0 2.0 2.0 2.0 

Aminox 1.0 1.0 1.0 1.0 1.0 
Translink 37 60.0 60.0 - - 60.0 

Silane A-172 1.0 1.0 1.0 1.0 1.0 

SRF N774 2.0 2.0 2.0 2.0 2.0 

Litharge 5.0 5.0 5.0 5.0 5.0 

DiCup R 5.0 5.0 5.0 5.0 5.0 

Dechlorane +25 33.0 - - 33.0 33.0 
Antimony 

Trioxide 12.0 - 12.0 12.0 12.0 

Burgess KE - - - 60.0 - 
Whitex - - 

Saytex 102: - - 33.0 - - 
(Br fire retardant) 

- - 60.0 

6 

90.0 

20.0 

5.0 

5.0 

2.0 
1.0 

60.0 
- 

2.0 

5.0 

5.0 

33.0 

12.0 
- 
- 
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Batch # 

1 

2 

3 

4 

Table 2 

EPR 1483 and Five Variations 

EPR 1483 

EPR 1483 minus the fire retardant (Dechlorane 
plus 25 and Antimony Trioxide) 

EPR 1483 minus the chlorine fire retardant 
(Dechlorane plus 25) plus a bromine fire 
retardant (Saytex 102) 

EPR 1483 minus the surface treated, calcinated 
clay (Translink 37) plus a different surface 
treated, calcinated clay (Burgess KE) 

EPR 1483 minus the surface treated, calcinated 
clay (Translink 37) plus a nonsurface treated, 
calcinated clay (Whitex) 

EPR 1483 minus vinyl-silane coagent (Silane 
A-172) 

3. Single conductor cable: The single conductors are 
multiplex cables with each conductor separated from the 
multiplex configuration (EPR D lot 1, EPR D lot 2 ,  and 
EPR H). 

4. Insulation specimens: Some insulation specimens were 
obtained by removing the jacket and sheath from the EPR 
insulated conductor, carefully stripping the insulation 
from the stranded copper conductor, and cutting the 
insulation into 10.9 cm lengths (EPR D lot 1, EPR D 
lot 2, EPR F, and EPR H). Other insulation specimens 
(EPR 1483) were cut from 15.2 cm x 15.2 cm x 0.2 cm 
sheets into strips with the following dimensions: 
10.9 cm x 0.63 cm x 0.2 cm. 
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3 .  FACILITIES 

3.1 LICA Facility 

The Low 'Intensity Cobalt Array (LICA) radiation facility, at 
Sandia National Laboratories, was used for aging insulation 
specimens. This facility is shown in Figure 1. The LICA 
pool, in which approximately 16,000 curies of Co60 are 
submerged, is filled with recycled demineralized water. The 
depth of the pool is approximately 5 . 8  m to provide a 
radiation shield for experimenters. 

3.1.1. Arrays 

The LICA consists of three basic arrays: the North Linear 
Array, South Linear Array, and Circular Array. For our 
aging exposures, the South Linear Array and Circular Array 
were used. These arrays are discussed in the following 
paragraphs. 

South Linear Array 

The South T,inear Array is shown in Figure 2 .  The array 
consists of six test cells holders, each containing four 
cylindrical holes, which are positioned parallel to two 
linear cobalt holders. Together, the two linear cobalt 
holders contain approximately 3000 curies of Coda. 
The radiation dose rate of any hole in a given test cell 
holder is comparable to the dose rate of the other three 
holes. The radiation dose rate for each position is given 
in Figure 2. (The dose rates are only valid provided 
blocking cans are used). 

Circular Array 

The Circular Array, shown in Figure 3 ,  contains 
approximately 10,000 curies of Coda and consists of three 
rows of three cylindrical holes. Since the cobalt surrounds 
the center hole. the highest dose rate in the Circular Array 
is found in the center hole. The dose rate for each hole is 
also given in Figure 3. (The dose rates are only valid 
provided blocking cans are used.) 

3.1.2 Test Positions 

The insulation specimens were aged in the following 
locations: (1) 1B. 1C. 2C. 3B. 3C and 5D. of the South 
Linear Array, and (2) 1Y. 2X. 2Y. 22 and 3Y of the Circular 
Array. 



F i g u r e  1. Artist's Rendition of the LICA Facility 
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Figure 2. South LICA Linear Array Dose Rates (krad/hr) f o r  
November 1, 1984 
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Figure 3 .  LICA Circular Array Dose Rates (krad/hr) for 
November 1, 1984 

3.1.3 LICA Fixtures 

A perforated LICA fixture, shown in Figure 4 ,  was used to 
hold EPR D lot 1 or EPR F insulation samples within the test 
cavity without having the samples touch the inner wall of 
the test cell or each other, thus preventing melting and 
fusion of the samples. The LICA fixture consists of two 
circular plates of perforated stainless steel (with holes 
slightly larger in diameter than the insulation samples) and 
a bottom circular stainless steel plate. Each plate has a 
1.3 cm (1/2 inch) semicircular notch on its edge. All the 
plates are assembled with the notches vertically parallel to 
each other so that the air flow tube of the test cell works 
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Figure 4. Insulation Specimens Held in LICA Fixture 
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as a guide for positioning the LICA fixture within the 
cell. The plates are held together with three stainless 
steel threaded rods to give a fixture height of 10.2 cm. 
The center plate can be adjusted to stabilize the samples in 
a vertical position. 

The LICA fixtures for the EPR 1483 insulation samples were 
different from the above fixtures because the EPR 1483 
strips did not fit in the small diameter holes. For the 
EPR 1483 fixtures, the perforated stainless steel was molded 
into a 12.7 cm tall cylinder shape with a stainless steel 
plate welded to one end of the cylinder. Stainless steel 
wire was run through the holes of the cylinder 2.5 cm and 
5.1 cm below the top of the perforated stand to create six 
compartments. Each compartment in the fixture held three to 
five samples. 

3.1.4 Test Cans 

The LICA fixtures were sealed in the test cans and lowered 
into the proper space. See Figures 1 and 5 .  For each test 
can the airflow tube was positioned closest to the linear 
cobalt holder in the South Linear Array or to the center 
cobalt source in the Circular Array. This method of 
positioning allows for properly rotating the can to minimize 
the radiation gradient. 

3.1.5 LICA Aqinq of Samples 

At an aging exposure corresponding to an equivalent of 
25 Mrad and 20 years, insulation samples were removed and 
the test can was rotated 180° in the clockwise direction. 
Before the test can was opened, the thermal control unit was 
shut off for five minutes and air was allowed to flow 
through the can to cool the LICA fixture. After aging was 
completed, the remaining insulation samples in the test can 
were removed. 

3.2 HIACA Facility and LOCA/SAC Steam Supply System 

The HIACA (High Intensity Adjustable Cobalt Array) facility 
and the LOCA/SAC (Loss of Coolant Accident/Severe Accident 
Condition) steam supply system, located at the GIF (Gamma 
Irradiation Facility) at Sandia National Laboratories, were 
used to expose the cables and insulation samples to 
simultaneous aging and accident simulations. A 0.45 m3 
(16 ft3) stainless steel pressure vessel was used for both 
the aging and the accident exposure. (Henceforth, the 
stainless steel pressure vessel will be referred to as the 
test chamber.) 

-16- 



HEAT- 
TAPE 

AlR DIFFUSION 
PUT€ - 

Figure 5. A LICA Irradiation Test Can 

-17- 



3.2.1 Operation for Simultaneous Aqing Simulation 

For the aging simulation, the test chamber is placed inside 
the GIP cell and connected to a recirculating hot air 
system. The hot air system consists of a 20kW circulation 
heater, a Chromalox 3CR temperature controller, a 2 hp 
Paxton blower and a piping configuration that provides for 
approximately 10 percent fresh air make-up to assure the 
presence of oxygen during aging. ( A  Kurz air velocity meter 
was used to check the flow conditions during set-up.) The 
chamber is equipped with a tubing system against the inside 
wall of the chamber which surrounds the test specimens. The 
20 tubes exit the chamber into a manifold system that 
allowed the flow to each individual tube to be controlled. 
This method improved temperature uniformity by providing 
flow adjustment during the simulation without having to 
interrupt the thermal portion of the simulation. Once the 
experiment reaches the desired aging temperature and 
uniformity is achieved, the cobalt is raised to provide 
simultaneous aging conditions. 

The 32 cobalt pencils are contained in the HTACA facility. 
The HIACA facility consists of an elevator system that 
positions the fixture approximately 25.4 cm under the p o o l  
level. Thirty--two telescoping tubes can then be raised 
hydraulically into the cell in 8 groups of 4 each. Figure 6 
illustrates this capability. This capability is explained 
further in Reference 3. The aging dose rate (July 26, 1985) 
for 3, 4, 5, and 6 groups is given in Table 3. 

3.2.2 Operation for the Two Transient, Simultaneous 
Accident Simulation_ 

The LOCA/SAC simulator was used with the HIACA facility for 
the simultaneous accident sequence. Figure 7 shows the 
major components and piping of the LOCA/SAC simulator. The 
6 hp boiler and immersion heaters charge the accumulators to 
operating pressure. Low pressure steam is then routed 
through the superheaters and is used to heat the A1203 
balls in the regenerators to an average temperature of 
approximately 232OC. This process takes about 24 hours. 

When the simulation is about to begin, the proper regulator 
is selected and the system is valved to direct flow through 
the regenerators to the test chamber. The test is then 
initiated by the opening of the air-actuated valve and the 
superheated steam enters the chamber. As the chamber 
reaches the desired pressure (in approximately 
10-15 seconds), the superheat vent valve i s  used to control 
the amount o f  superheat (approximately 17OC). After the 
initial ramp is completed and the temperature has 
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F i g u r e  6 .  H I A C A  Test Facility 
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Table 3 

Dose Rates Available for HIACA Aging July 26, 1985 

Number of  Groups* Dose Rate (Mrad/hr) 

1 
2 

3 .161 

5 

6 

7 

.269 

.323 

8 

* 4 pencils per group 

Note: Radial uniformity achieved even with 
one group (Reference 3). 

stabilized, the steam is routed directly through the 
superheaters. The regenerators are isolated, thereby 
conserving the stored heat for the second temperature and 
pressure ramp. The ramp-down portion of the test is 
accomplished using a separate regulator and line so the 
saturated steam does not cool down the main steam line. The 
procedure is then repeated for the second ramp. As for 
simultaneous aging, the cobalt was raised after each ramp 
when the chamber temperature had stabilized. The dose rate, 
calculated for August 26, 1985, for each group of pencils is 
shown in Table 4 .  

3.3 Other Test Considerations 

3 - 3.1 Mandrels 

Each cable specimen (total cable length approximately 23 m) 
was wrapped on a mandrel. Three mandrels were used for this 
test. Each mandrel is 38 cm high with an outside diameter 
of 30 cm. When the three mandrels are attached together, 
their total length is 114 cm with the edge of the top 
mandrel 31 cm below the chamber head sealing edge and the 
bottom of the mandrel stack approximately 11 cm above the 
bottom of the chamber. 
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Table 4 

Dose Rates Available for HIACA Accident Simulation 
August 26, 1985 

# of Groups* Dose Rate (Mrad/hr) 

,048 & 31% 
.lo6 19% 

.160 & 17% 

.213 i 14% 

.266 i 20% 

.319 & 19% 

.372 ~f 16% 

.420 & 16% 

* 4 pencils per group 

Note: Radial uniformity achieved even with 
one group (Reference 3 ) .  

The order of the cables on the mandrels is shown in 
Table 5. Each cable was wrapped three times around the 
mandrel with the center of the cable at the center wrap. 
After wrapping, the mandrel clips were wired in place to 
secure cable specimens in a fixed position. The third 
mandrel was wrapped separately and attached to the mandrel 
array after HIACA aging of the cable specimens on the first 
and second mandrels. 

For the cables on Mandrels #1 and #2, the extra cable length 
was gathered in the center of the mandrels and fed through 
the flange pipe couplings. For cables on mandrel #3 (added 
to the steam chamber after the HIACA aging portion of the 
test), the extra cable lengths were positioned on the 
outside of the mandrels to minimize damage to the aged cable 
on mandrels #1 and #2. The cables on mandrel # 3  were run 
through 50.8 cm (20-inch long) conduit elbows which were 
2-inch in diameter prior to placement through the flange 
pipe couplings. 
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Table 5 

Mandrel 

1 

Order of Cables, From Top to Bottom, 
On Each Mandrel 

Cables 

EPR H :  single conductor (red) 
EPR D lot 2 :  single conductor (white) 
EPR D lot 1: single conductor (black) 

EPR D lot 2 :  multiconductor 
EPR H: multiconductor 

EPR D lot 1:  multiconductor 

2 

EPR D lot 1 :  multiplex 
EPR H: multiplex 
EPR D lot 2 :  multiconductor 
EPR H: multiconductor 
EPR D lot 1:  multiconductor 

3 

EPR D lot 1: unaged 
EPR H: unaged 

EPR D lot 1:  unaged 
EPR H: unaged 
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3.3.2 Flanges 

As shown in Figure 8 ,  the test chamber head had eight 
penetration sites with four of the sites reserved for the 
steam inlet, steam outlet, thermal aging unit, and 
thermocouple flanges. Since only four penetration sites 
remained and fifteen cable specimens (30 cable ends) were to 
be tested; a special cable penetration adapter was used on 
one of these penetration sites. All flanges and the 
penetration adapter were attached to the chamber head using 
1/4-20 bolts which were torqued to 5.65 N-m (50 in-lbf). 

As shown in Figure 9 ,  the cable penetration adapter was made 
to accommodate twelve cable end penetrations by welding 
1-inch pipe couplings spirally along the outer edge of a 
5-inch diameter stainless steel pipe (304 TS) with flange 
adapters on each end of the pipe. Four more cable end 
penetrations were made available on the end of the 
penetration adapter by attaching to it a flange with two 
1-inch and two 3/4-inch pipe couplings welded t o  the 
flange. The cable penetration adapter was used at the 
penetration site for the eight multiconductor cables exposed 
to aging. 

The three single conductor cables, to be exposed t o  aging, 
were run through another penetration site. As shown in 
Figure 10, a flange with five 1/4-inch and four 1/2--inch 
pipe couplings was attached to this penetration site. The 
extra three pipe couplings were plugged. 

As shown in Figure 11, the last two penetration sites were 
fitted with flanges having two 1-inch and two 3/4-inch pipe 
coupling adapters each. These two flanges were used after 
thermal aging to accommodate the four, unaged multiconductor 
cables. 

3.3.3 Potting Cables 

The ends of the extra cable lengths were run through the 
various penetration sites and the pipe coupling adapters on 
the flanges. Thin-walled stainless steel tubing (20.3 cm 
long) with a SwagelokO male connector on one end and a 
Swagelok end-cap connector on the other end, was attached to 
each of the flange pipe couplings. The stainless steel 
tubing restricted the aging or accident environment to the 
interior of the test chamber. 

The cable was sealed inside the stainless steel tube with 
epoxy. The epoxy was 3M Scotchcast No. 9 .  This epoxy has 
been tested and can withstand temperatures of 371OC at 
1.2 MPa (180 psi). A hole, approximately 0.16 cm 
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Figure 8. Test Chamber 
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(1/16-inch) larger than the diameter of the cable, was 
drilled into the end-cap connector and the end-cap was 
tightened onto the stainless steel tube assemblies. The 
cable end was guided through the tube and emerged from the 
hole in the end-cap. By using electrical tape along the 
bottom of the end-cap and covering the bottom with putty, the 
assemblies were fixed into position and the tube was 
prevented from slipping along the cable length. 
Approximately 5 cm of cable was left exposed between the pipe 
coupling and male connector to allow the tube to hang 
vertically; thus, permitting the epoxy to fill the tube 
properly. With the cable centered in the tube, the tube was 
heated with a heatgun and the epoxy was allowed to slowly 
flow into the tube. Once the epoxy was within 0 . 6 4  cm of the 
top edge of the tube, filling was discontinued. 

The epoxy was allowed to cure for approximately 24  hours. 
Then, the stainless steel tube assemblies were attached to 
the flange pipe couplings. (No sealing failures or steam 
leaks occurred from any of the assemblies.) 

3.3.4 Energizing Cables Durinq the HZACA Accident Simulation 

The cables were connected to a load-bank that was operated 
at 4 8 0  Vac. 60 Hz, and 0.57 A. Figure 12 includes a 
schematic of the system, as well as an illustration of a 
typical cable connection to the terminal blocks. A Magtrol 
power analyzer was used to monitor the load bank during the 
test. The current through the cables was Limited to 0.6 A 
KegaKdleSS of cable degradation. No active measurement of 
leakage current was taken because of the incompatibility of 
the data acquisition equipment with the 4 8 0  Vac circuit. 

3.3.5 Data Acquisition-and Instrumentation 

The data acquisition system consisted of two Acurex Autodata 
Ten/lO dataloggets, one Acurex Autograph 800, 2 Hewlett 
Packard dual pen chart recorders, and one DEC PDP 11/23 
laboratory computer. Datalogger IIA1' was dedicated for 
information necessary to properly operate the steam system. 
Datalogger *lB1' was used to monitor the chamber environment. 
The autograph unit was used to monitor the 4 0  Type K 
thermocouples installed in the regenerators in order to help 
evaluate the warm-up of the regenerators. One chart 
recorder was used to provide a constant record of the 
temperature and pressure profile of the environment for the 
experiment. The other was used to monitor steam system 
parameters such as accumulator pressure and flow, and steam 
flow. 
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The two dataloggers were connected to the computer via an 
RS-232 interface. The dataloggers were continuously 
scanning the channels and periodically outputting data to 
both the self-contained printers and the computer. The 
HIACA experiment monitoring program (HEMP) was used to 
receive and store the data on RL02 hard disc for data 
reduction at the end of the test. The computer was equipped 
with a dial-up modem capability to allow access to the data 
during unattended operations. The computer was only used to 
record data; the computer was not used for any control 
purposes. 

The system instrumentation consisted of pressure 
transmitters, Type K thermocouples, Vortex flow meters, a 
pressure switch, and photodiode radiation detectors. 
Figure 7 shows the location of the pressure transmitters and 
thermocouples throughout the system and their datalogger and 
channel number designations. The pressure switch was used 
to monitor the HIACA hydraulic pump pressure and the 
datalogger channel was alarmed to provide a l l l o s s  of pump 
pressure" indication. The purpose of the photodiode 
detectors was to give a positive indication that a radiation 
field existed in the cell. 

The experiment was instrumented with 36 Type K 
thermocouples, a pressure transmitter and a calibrated 
digital Heise gauge. The datalogger B was used to monitor 
the 3 6  thermocouples, the pressure transmitter and a magtrol 
power analyzer. (The magtrol power analyzer was used to 
monitor the current, voltage, and power applied to the 
cables.) Figure 13 shows the locations of the thermocouples 
installed in the chamber. 

The equipment used during this experiment is listed in 
Appendix B. The manufacturer, model number, accuracy, and 
calibration data are included. 



*UNCALI BRATE D THERMOCOUPLES 

Figure 13. Thermocouple Locations 
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4. EXPERIMENT 

4.1 Overview 

A flow diagram of the experiment is shown in Figure 14. The 
superheated-steam experiment is divided into two parts. In 
Part I, virgin cables and insulation specimens were measured 
to obtain baseline data. The physical properties of the 
virgin cables and insulation specimens were measured and the 
tensile properties of the virgin insulation specimens were 
measured. This baseline data is listed in Table 6 for the 
following cables and insulation specimens: EPR D lot 1, 
EPR D lot 2, EPR F, EPR H, and EPR 1483 and the five 
variations of EPR 1483. 

Part I 1  involved the three subtests. Subtest 1 is shown in 
Boxes B, D, and E. In Box B, three cable products (EPR D 
lot 1, EPR D lot 2, and EPR H) and their corresponding 
insulation specimens were exposed to simultaneous radiation 
and thermal aging in the HIACA. The test conditions were 
40 Mrad (at .27 Mrad/hr for 149 hrs) and 139OC for 
167 hours. As shown by Box D, unaged cable and insulation 
specimens were added to the HIACA chamber prior to the 
accident simulation. The unaged cables included EPR D lot 1 
and EPR H and the unaged insulation specimens included EPR D 
lot 1, EPR D lot 2. and EPR H. Box E identifies the 
simultaneous radiation and steam accident simulation in the 
HIACA. The 21-day accident profile included approximately 
110 Mrad (at three different dose rates) and a steam 
environment with two transients (maximum temperature of 
171OC and maximum pressure of 448 kPa (65 psig)). As shown 
in Figure 14, the materials in Boxes B and D were exposed to 
the accident profile (Box E). 

Subtest 2 is shown in Boxes A and E of Figure 14. In Box A ,  
EPR D lot 1 and EPR F insulation specimens were exposed to 
simultaneous aging in the LICA. Although the specimens were 
exposed to the same equivalent age, the insulation specimens 
were exposed to five different simultaneous thermal and 
radiation aging conditions using progressively lower 
temperatures (155OC to 103OC) and lower dose rates 
(765 krad/hr to 16 krad/hr). The aged insulation specimens 
from Box A and corresponding unaged insulation specimens 
were exposed to the accident simulation (Box E). 

Subtest 3 is shown in Boxes C and E of Figure 14. In Box C, 
EPR 1483 and five variations of EPR 1483 were subjected to 
simultaneous aging. The aging conditions were 5 0  Mrad/hr 
(380 kradjhr) and 141OC for 167 hours. The aged insulation 
specimens from Box C and corresponding unaged insulation 
specimens were exposed to the accident simulation (Box E). 
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Part I1 of the experiment will be discussed in greater 
detail and in chronological order in Sections 4.2 through 
4.10. 

4 . 2  LICA Aging of Insulation Specimens 

The LICA facility was last calibrated on August 8, 1984. 
Therefore, the decay rate of Co60 was used to establish 
correct dose rates for November 1, 1984. These dose rates 
were calculated for the South Linear Array and the Circular 
Array. For further details, see Section 3.1. 

The insulation specimens were aged in LICA cans located in 
the South Linear Array and the Circular Array. Each LICA 
can had an air flow rate of 60 cc/min. In addition, each 
LICA can was rotated 180° after 25 Mrad to minimize the 
effects of radiation gradients. 

The insulation specimens were divided into two groups: 
(1) EPR D lot 1 and EPR F and (2) EPR 1483 and five 
variations of the EPR 1483 formula. 

EPR D lot 1 and EPR F 

The EPR D lot 1 and EPR F samples were placed in separate 
LICA cans to avoid possible outgassing effects from one type 
of insulation to the other. These insulation specimens were 
then exposed to five different aging exposures, as shown in 
Table 7. The dose rates, temperatures, and desired exposure 
times were calculated using the Arrhenius Equation. Some 
insulation specimens from each batch were removed at 25 Mrad 
while the rest were removed after 50 Mrad. Each different 
batch was exposed to the same equivalent age: (1) 25 Mrad 
and 20 years at 55OC or (2) 50 Mrad and 4 0  years at 55OC 
(assuming a 1.04 eV activation energy). 

EPR 1483 and five variations 

The strips of EPR 1483 and the five variations (Batches 1-6) 
were placed in separate LICA cans to avoid possible 
outgassing effects from one type of insulation to the 
other. Each formulation was exposed to 300 Krad/hr at 141OC 
for 167 hours, as shown in Table 7. The dose rates, 
temperatures, and desired exposure times were calculated 
using the Arrhenius Equation. Some insulation specimens 
from each batch were removed at 2 5  Mrad while the rest were 
removed after 50 Mrad. Each different batch was exposed to 
the same equivalent age: (1) 25 Mrad and 20 years at 55OC 
or (2) 5 0  Mrad and 4 0  years at 55OC (assuming a 1.04 eV 
activation energy). 
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Table 7 

LICA Aging for EPR D and EPR F Insulation Specimens 

Calculated Time 
for 40 year Actual Actual Actual 

Dose Rate Temperature Equivalent Exposure Total Accelerated 
Batch (krad/hr) ( " C )  Aqinq (hr) Time (hr) Dose (Mrad) Aging (yr) 

1 765 155 65.4 65 49.7 40.2 

2* 300 141 166.7 168 50.4 40.0 

3 107 127 467.3 464 49.6 39.9 

4 50 117 1000 1004 50.2 39.8 

5 16 103 3125 3124 50.0 39.1 

*Same conditions for all variations of EPR 1483. 

4 . 3  HIACA Test Setup and Visual Examination of Cables 

The cables used in the superheated-steam test are described 
in Table 8 .  Hereafter, these cables will be identified by 
the "cable designator. 'I 

First, the cables were visually inspected to assure that no 
handling damage occurred when the multiplex and single 
conductors were prepared. Then, each cable was wrapped 
three times around the outside of a HIACA mandrel. Three 
mandrels were needed to mount all of the cables. The cable 
sequence, from the top to the bottom of each mandrel 
(Table 9 ) ,  was chosen to minimize the chance of exposing 
duplicate cables to any environmental problems that might 
occur in one section of the chamber. 
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Table 8 

Cable Designators 

Cable 
Designator 

A 
B 
C 
D 
E 

K 
L 
M 
N 
0 

Description 

EPR D lot 1: aged multiconductor 
EPR D lot 1: aged multiconductor 
EPR D lot 1: unaged multiconductor 
EPR D lot 1: unaged multiconductor 
EPR D lot 2: aged multiconductor 

EPR D lot 2: aged multiconductor 
EPR D lot 1: aged multiplex 
EPR D lot 1: aged single conductor 
EPR D lot 2: aged single conductor 
EPR H: aged multiconductor 

EPR H: aged multiconductor 
EPR H: unaged multiconductor 
EPR H: unaged multiconductor 
EPR H: aged multiplex 
EPR H: aged single conductor 

Table 9 

Order of Cables on the Mandrels 

Mandrel #1 Mandrel #2 Mandrel #3 

D 
M 
C 
L 
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Then, the first two mandrels were installed in the HIACA 
chamber. (The third mandrel was used for the llunagedls 
cables: C, D, L, and M.) The cable leads were spiraled up 
the inside of the mandrels through the exit ports and 
connected to terminal blocks. At this point in the 
experiment. the cables were examined for signs of cracks or 
sharp bends. No cracks or sharp bends were evident. (If 
cracks or sharp bends had been found, the cable would have 
been replaced.) The cables are shown in Figure 15. 

4.4 Baseline Tests 

The chamber was filled with tap water with a conductivity of 
409 ohms/cm and a pH of 5.8. After the cables soaked for 
one hour, IR and AC leakage current measurements were 
taken. The effective water length of each cable is given in 
Table 10. (The "effective water length" is the length of 
cable that was submerged.) 

Table 10 

Effective Cable Length 

Effective 
Water 
Length 

Effective 
Steam 
Length 

Cable (meter) (meter) 

A 
B 
C 
D 
E 

F 
G 
H 
I 
J 

K 
L 
M 
N 
0 

5.46 
3.70 
5.16 
4.83 
5.08 

3.45 
4.00 
3.36 
3.30 
4.33 

3.60 
5.28 
5.02 
4.11 
3.25 

error: f .15 m 
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6.82 
5.26 
6.36 
6.08 
6.64 

4.80 
5.81 
4.77 
4.71 
5.68 

4.95 
6.43 
6.22 
5.93 
4.66 



Figure 15. Virgin Cables on Mandrels 
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The IR measurements were taken after one minute at 500 V. 
Measurements were taken for each conductor to ground and one 
conductor to conductor. If different values were found 
between conductor to ground measurements for one cable or 
between identical cables, the measurements were retaken. 
Also, the measurements were repeated for all single 
conductors. For all cables, IR values of 1.0 x 10l1 ohms 
or greater were measured between each conductor and ground. 

AC leakage current measurements were taken after one minute 
at 600 V. Every conductor to ground was measured. If 
different values were found between conductor to ground 
measurements for one cable, the measurements were retaken. 
Also, the measurements were repeated for all single 
conductors. For all cables, AC leakage current values of 
0.45 to 0.64 mA were measured between each conductor and 
ground. 

IR and AC leakage current measurements taken throughout the 
test are listed in Appendix C and Appendix D, respectively. 

4.5 Addition of Insulation Specimens 

After the TR and AC leakage current measurements were 
completed and the chamber was drained, EPR D lot 1, EPR D 
lot 2, and EPR H insulation specimens were placed in the 
HIACA baskets. The four HIACA baskets (two baskets shown in 
Figure 15) surround the mandrels and are located between 
mandrels #1 and #2. 

4.6 Simultaneous Aging 

The cables and insulation specimens (identified in Section 
4.3) were exposed to simultaneous thermal and radiation 
aging. The aging conditions were designed to simulate cable 
aged for forty years at 55OC and exposed to a total dose of 
4 0  Mrad. 

By using the Arrhenius equation and an activation energy of 
1.04 ev, the accelerated thermal aging conditions were 
calculated to be 139 2 5OC for 168 hours. The achieved 
conditions were 139 2 5°C for 167 hours and the chamber 
temperature did not exceed 144OC. Figure 16 shows a sample 
of chamber temperatures in different sections of the 
chamber. The time for thermal aging was adjusted to include 
only the time when the chamber was between 139 5OC. For 
example, the temperature stabilized to within 139 2 5OC 
after three hours. (Deviations are listed in Appendix E.) 

Dose rates for each group of HIACA cobalt (Co60) pencils 
were last determined on November 10, 1980. By using the 
decay rate of Co60, new dose rates were calculated for 
July 26, 1985. Because of differences in the total time 



1 3 9 C  - 
141C 

U L L  { 138C 

Figure 16. Chamber Temperatures During the Simultaneous 
Aging Exposure on August 6, 1985 at 09:OO 
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required to achieve the total dose and thermal exposure, it 
was necessary to perform part of the thermal exposure 
without concurrent radiation exposure. However, in order to 
maintain irradiation during most of the thermal exposure, 
five groups of pencils were used which provided a dose rate 
of 0.269 Mrad/hr. The radiation began after the thermal 
aging temperature had stabilized. The radiation exposure 
was for 149 hours, but not for 149 consecutive hours. This 
led to a total dose of 40.1 #rad. (Deviations are listed in 
Appendix E . )  

4.7 Visual Inspection, Insulation Specimens Removed, and 
Baseline Tests Repeated 

After the aging exposure, the cables were visually 
inspected. Although no cracks or sharp bends were observed, 
a white film was present on the exterior of the chlorinated 
polyethylene jacket (cables A, B, E ,  and F). For cables A 
and F, the jacket of one wrap appeared to be stuck to the 
jacket of another wrap. However, after the cables air-dried 
overnight. the cables wraps separated. In addition, cables 
F and H were touching thermocouple wires. The thermocouple 
wires were moved and a slight indentation on the outer 
surface of cable H was noted. The aged cables are shown in 
Figure 17. 

All insulation specimens were removed prior to repeating the 
baseline tests, as explained in Section 4.4. The resulting 
IR and AC leakage current values were similar to the 
baseline values. The exact values are given in Appendices C 
and D. 

4.8 Addition of Unaged Cables, Visual Inspection, Baseline 
Tests Repeated, and Addition of Insulation Specimens 

. After completing the baseline tests described in 
Section 4.7, the chamber was drained and the third mandrel 
was installed in the HIACA chamber. The cables leads 
spiraled up the outside of the mandrels through the ports 
and were connected to terminal blocks. These cables were 
visually inspected to ensure that no sharp bends or cracks 
exist. 

Again, the baseline tests discussed in Section 4.4 were 
repeated. Since the IR and AC leakage current values for 
each cable were similar to the previous baseline values, it 
would appear that no handling damage had occurred. 

After these measurements were completed, insulation 
specimens that had been exposed to the HIACA aging and 
additional insulation specimens, were placed in HIACA 
baskets and the chamber was reclosed. These insulation 
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Figure  1 7 .  Aged Cables 
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specimens included: EPR D lot 1, EPR D lot 2, and EPR H 
from the HIACA aging; Batches 1-5 of EPR D lot 1 and EPR F 
from the LICA aging; Batches 1-6 of EPR 1483 from the LICA 
aging; and unaged EPH D lot 1, EPR D lot 2, EPR F, EPR H, 
and Batches 1-6 of EPR 1483. 

4.9 Superheated-Steam Test Accident Environment 

The 21-day superheated-steam test accident environment 
included a simultaneous radiation exposure (approximately 
110 Mrad) and temperature and pressure conditions similar to 
the profile in IEEE 323-1974. The cables were energized at 
480 V and .6 A throughout the accident exposure. The 
intended profile is shown in Figure 18. 

Although the superheated-steam test accident environment 
differed slightly from accident environments in 
qualification tests by manufacturers and utilities, the 
superheated-steam test conditions generally are similar or 
less severe than those used by the cable industry. For 
example, the differences between the accident environment of 
the superheated-steam test and the qualification test, by 
the manufacturer of EPH D, are as follows: 

1. 

2. 

3. 

4. 

Superheated-steam test: cables loaded at 0.6 A 
Qualification test: cables loaded to 2 10 A, 

Superheated-steam test: 2 transient steam ramps 
Qualification test: 1 transient steam ramp, 

Superheated-steam test: Pmax = 448 kPa 

Qualification test: Pmax = 448 kPa (65 psig); 

Superheated-steam test: no chemical spray 
Qualification test: chemical spray during part of 

(65 psig); Tmax = 171OC 

Tmax = 196OC. 

the accident simulation. 

Dose rates for each group of HIACA Co60 pencils were last 
determined on November 10, 1980. By using the decay rate of 
Co60, new dose rates were calculated for August 26, 1985. 
In order to simulate a total dose of approximately 110 Mrad, 
three different groups of Co60 pencils were chosen: 
7 groups, 4 groups, and 2 groups. Because of radial 
uniformity, even with two groups of pencils, no rotation of 
the pencils was needed (Reference 3). 

A total accident dose of approximately 108 Mrad was obtained 
by using three different dose rates: 0.37 Mrad/hr for 
7 days, 0.21 Mrad/hr for 4 days, and 0.11 Mrad/hr for 
10 days. (Deviations are listed in Appendix E.) 
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Figure 18. Intended Temperature and Pressure Profile for 
Accident Simulation 
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Table 11 shows the cable test ramp requirements (pressures 
and temperatures as a function of time) to simulate the 
accident profile in the HIACA facility. In Figures 19 and 
20, the achieved profile and the intended profile are 
shown. These figures show that the achieved profile closely 
matched the intended profile. 

IR measurements were taken at the maximum temperature of 
each transient and during each temperature plateau: 160OC. 
149OC. 121OC. and 105OC. (IR measurements were taken every 
two to three days during the 105OC plateau.) The IR 
measurements were taken after one minute at 500 V. If the 
IR measurements were less than the capacity of the machine 
(1.0 x lo6), then the measurement was repeated at a lower 
voltage. 

Several cables (Cables A, B, D, E, F, G, H, I, and N) had 
water dripping from the conductor during parts of the 
accident exposure. Although each cable remained energized 
throughout the accident exposure, cables A and B had very 
low IR readings ( <  1.0 x lo5 ohms at 50 V) between day 19 
and day 21 of the accident. The complete list of IR 
measurements is given in Appendix C. 

Throughout the accident exposure, all cables were loaded at 
480 Vac and 0.6 A. During this time, the load circuit did 
not trip even though cables A and B were degrading. This 
result was expected for two reasons: (1) the load circuit 
was not designed to trip; the current flow was limited by 
load resistors to 600 mA and ( 2 )  without chemical spray or 
water spray, the path between the insulation and ground was 
a rather pure steam environment. (This path is not very 
conducting. Therefore, insulation failures may not be 
evident until the posttest IR and AC leakage current 
measurements using tap water as a conducting medium.) 

4.10 Posttest Examination 

After the accident exposure, the chamber was opened and the 
cables were visually examined. Insulation specimens were 
removed from the baskets and measured, within 24 hours, for 
dimensional changes and weight gain. When the percent 
weight increase was below 10 percent, the insulation 
specimens were tensile tested. (Immediately after the 
accident simulation, the insulation specimens had absorbed 
too much moisture to fit between the jaws of the tensile 
testing equipment.) 

Once again baseline tests, described in Section 4.4, were 
repeated. Additional AC leakage current measurements were 
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Table 11 

Cable Test Ramp Requirements for the Accident Simulation 

Pressure Temperature 
Time (kPa 1 ("C) Condition 
0 0 Ambient Saturated 
10-15 sec 448 154 Saturated 
30 sec - 1 min 448 17 1 Superheated 
3 hr 448 171 Superheated 
3 hr 5 min 448 154 Saturated 

10 min 427 153 Saturated 
15 min 407 151 Saturated 
20 min 386 149 Saturated 
25 min 365 148 Saturated 
3 0  min 
35 min 
40 min 
45 min 
50 min 
55 min 

345 
324 
303 

283 
262 
2 4 1. 

146 
144 
143 
141 
138 
137 

Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 

4 hr 
4 hr 5 min 

10 min 
15 min 
20 min 
25 min 
3 0  min 
35 min 
40 min 
45 min 
50 min 
55 min 

221 

200 

179 

159 
138 
117 
97 
76 

55 
34 
0 

0 

134 

132 

129 

127 
124 
121 
117 

113 

109 

104 
95 

95 

Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
Saturated 
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T a b l e  11 

Cable  T e s t  Ramp Requirements  ( c o n t ' d )  

P r e s s u r e  Temperature  
T ime  ( k P a )  ("C) Cond i t ion  - 
5 h r  0 95 S a t u r a t e d  

5 hr 10-15 sec  448 154 S a t u r a t e d  
5 h r  30 s e c - 1  min 448 17 1 Superhea ted  

8 h r  

8 h r  45 m i n  
448 

448 

17 1 

160 

Superhea ted  
Superhea ted  

11 h r  

11 hr  5 min 
10 min 
15 min 

448 
448 
414 
379 

160 
154 
152 
149 

Superhea ted  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  

15 h r  

5 min 
10 min 
15 min 
20 m i n  
25 min 
30 min 
35 min 
40 min 

379 

345 
310 

276 
241 

207 
172 

138 
124 

149 

146 
143 

140 
137 
132 
128 

123 
121 

S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  
S a t u r a t e d  

4 Days 
5 min 

10 min 
15 min 

124 

103 
69 
37 

121 S a t u r a t e d  
118 S a t u r a t e d  
112 S a t u r a t e d  
105 S a t u r a t e d  

2 1  Days 

5 min 
37 

0 

105 
~~ 

Sa t u r d  t e d  

Ambient S a t u r a t e d  

* End of T e s t  * 
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made: after one minute at 1200 V, after one minute at 
1800 V, and after five minutes at 2400 V. These tests took 
four days. All cables, except A and B, were subjected to 
each test. Cables A and B failed the AC leakage current 
test at 1800 V. 

At the conclusion of the I R  and AC leakage current tests, 
the cables were reexamined and photographed as shown in 
Figure 21. In addition, the circumference of each cable was 
measured; the powder found on the jacket of cables A ,  B, E ,  
and F was chemically analyzed; and the chlorine and bromine 
content was determined for virgin jacket and/or insulation 
samples of EPR D lot 1, EPR D lot 2 ,  EPR F, and EPR H. 

The results of the posttest examination are described in 
detail in Section 5.0. 
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F i g u r e  21. Posttest C a b l e s  
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5. RESULTS OF THE POSTTEST EXAMINATION 

Sections 5.1 to 5.5 describe the results of the posttest 
examination, in detail, for each EPR product: EPR D lot 1, 
EPR D lot 2, EPR F, EPR H, and EPR 1483. Each section 
includes (1) visual examination, circumferential 
measurements, IR measurements, AC leakage current 
measurements, and chemical analysis for cables and 
(2) physical properties, tensile properties, and chemical 
analysis for insulation specimens (as appropriate). Section 
5.6 provides a summary of the results. 

5.1 EPR D lot 1 

5.1.1 Cables 

Visual Examination 

Immediately after the accident simulation, no degradation 
was evident for the single conductor, multiplex, or 
multiconductor cables--except for cables A and B. The 
jackets of cables C and D were intact but the jackets of 
cables A and B were split longitudinally. At this point in 
time, no copper conductors were visible for cables A and B. 
Although no film was evident on the jackets of cables C and 
D, the jackets of cables A and B were still covered with the 
white film that was evident after aging. A chemical 
analysis of this film identified many constituents which are 
listed in Appendix F. 

After completing the IR and AC leakage current tests 
(including the five minute at 2400 V test), the cables were 
reexamined. Degradation was only visible for cables A and 
B. Cable A had a longitudinal split in the jacket for all 
three wraps; cable B had a longitudinal split in the jacket 
for one wrap. In order to locate the insulation breakdown 
of cables A and B, AC voltage was applied to the cables in 
dry air. The smoke identified insulation faults in all 
three conductors of cables A and B. Because the insulation 
had bowed away from the bare conductor, the bare conductor 
was visible on one wrap of cable A. The cables are shown in 
Figure 22. 

Circumferential Measurements 

Within a week after the accident simulation, the 
circumference of each cable was measured and compared to the 
original circumference. 
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As Table 12 shows, the jackets for both cables A and B 
increased in circumference by approximately 8 percent. 
However, the jackets were unable to accommodate the swelling 
of  the insulation and the jackets split longitudinally. The 
final circumference of cables A and B (jacket and gap) had 
increased by approximately 28 percent. It is possible that 
the dimensional swelling of the insulation caused stress 
buildup within the multiconductor geometry. 

Table 12 

Circumference Measurements For Cables A ,  B, C, D, G, and H 

Posttest Cable: Virgin Cable: 
Average Circumference Circumference Percent 

Cable (cm) (cm) Change 

A 4.45 -+ 0.0 (3.81 2 O.O)* 3.48 27.7(9.5)* 
B 4.47 2 0.0 (3.76 -+ O.O)* 3.48 28.5(8.0)* 
C 4.01 2 0.08 3.48 15.3 
D 3.99 2 0.10 3.48 14.2 
G 3.02 2 0.03 2.41 25.3 
H 1.65 2 0.03 1.32 24.0 

* The numbers in parentheses refer to the jacket only. 

Note: The circumference measurement on cables A and B 
included the jacket and the gap. 

The following cables had approximately a 25 percent increase 
in circumference: aged single conductor (H), aged multiplex 
(GI. and aged multiconductor ( A  and B). However, the unaged 
multiconductor cables (C and D) only had a 15 percent 
increase in circumference. 

IR Measurements 

The IR measurements for each cable, after one minute at 
500 V, are plotted in Figures 23 and 24. The measurements 
include values taken prior to aging, after aging, throughout 
the accident exposure, and after the test. Only cables A 
and B had IR values that were below the instrument range 
(less than 1.0 x lo5 ohms after one minute at 50 V). 
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Figure 23. Insulation Resistance MeaSUKementS for C a b l e s  A,  
B. C ,  and D .  (Note: at 21 days into the 
accident and during posttest measurements, the 
IR values for c a b l e s  A and B were below 
l o 6  ohm.) 
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Figure 24. Insulation Resistance Measurements for Cables G 
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AC Leakaqe Current Measurements 

The AC leakage current measurements involved applying 
voltage to each cable at the following levels and times: 
600 V for one minute, 1200 V for one minute, 1800 V for one 
minute, and 2400 V (80 V/mil) for five minutes. All 
measurements were made prior to removing the cables from the 
mandrels rather than following the more severe guidelines in 
IEEE-383. (IEEE-383 recommends that the cables be 
straightened and recoiled around a mandrel with a diameter 
of approximately forty times the overall cable diameter 
prior to the 80 V/mil withstand test.) 

The AC leakage current values, for one conductor to ground. 
are listed in Table 13. All cables, with the exception of 
cables A and B, passed each test with less than 5 mA 
leakage. Cables A and B (aged, multiconductor) had leakage 
currents which exceeded the capacity of the equipment during 
the measurement at 1800 V. All AC leakage current values 
are listed in Appendix D. 

Table 13 

Posttest AC Leakage Current Measurements for EPR D Lot 1 

Cable* (mA) 
Test Conditions A B C D G H 

after 1 minute at 600 V 2.0 2.3 . 8  . 8  .8 .6 

after 1 minute at 1200 V 4.8 4.7 1.7 1.6 1.8 1.6 

after 1 minute at 1800 V >750 >750 2.5 2.7 2.8 2.6 
after 5 minutes at 2400 V - - 3.4 3.4 4.2 3.9 

* White conductor to ground only 

Chemical Analysis of Virqin Multiconductor Cable 

The analysis. by Huffman Laboratories. is found in 
Appendix F. As shown in Table 14, jacket and insulation 
samples of EPR D lot 1 were analyzed for chlorine and 
bromine content. The jacket consisted of 13.6 percent 
chlorine and 4.9 percent bromine; the insulation consisted 
of 8.2 percent chlorine and less than 0.3 percent bromine. 
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Table 14 

Results of the Chemical Analysis for EPR D lot 1 

Jacket (Sample #1) 

c1 13.57 percent 
Br 4 . 8 6  percent 

Insulation (Sample #2) 

c1 8.20 percent 
Br < 0.30 percent 

5.1.2 Insulation Specimens 

Table 15 lists the weight increases, dimensional increases, 
and changes in tensile properties for insulation specimens 
that were exposed to the accident and the following aging 
conditions: unaged; aged (by five different methods) to 
2 5  Mrad and an equivalent of 20 years; aged (by five 
different methods) to 50 Mrad and an equivalent of 4 0  years; 
and aged in the HIACA to 4 0  Mrad and an equivalent of 
4 0  years. 

The physical properties and tensile properties did not 
improve as the accelerated aging time was increased (i.e., 
dose rate and temperature were lowered). This indicates 
that in both the superheated-steam and the previous 
saturated-steam tests, the aging conditions were not 
inducing artificial degradation. 

In addition, graphs of the posttest reduction in sample 
weight with time are found in Appendix G. The graphs show 
that all insulation specimens absorbed water during the 
test. Also a chemical change was identified since the 
weight of the insulation specimens, after the water 
desorbed, was greater than the virgin weight. 

5.2 EPR D lot 2 

5.2.1 Cables 

Visual Examination 

No cable degradation was observed for the single or 
multiconductor cables. The jackets of cables E and F were 
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intact and were still covered with the white film that was 
evident after aging. A chemical analysis of this film 
identified many constituents which are listed in Appendix F. 

After completing the IR and AC leakage current tests 
(including the five minute at 2400 V test), the cables were 
reexamined and no cable degradation was observed. The 
cables are shown in Figure 21. 

Circumferential Measurements 

Within a week after the accident simulation, the 
circumference of each cable was measured and compared to the 
original circumference. 

As Table 16 shows, the circumference for the aged 
multiconductor cables E and F increased by 8 percent; while, 
the aged single conductor cable (I) increased in 
circumference by 25 percent. Unlike the EPR D lot 1 case, 
the jacket for EPR D lot 2 accommodated the swelling without 
splitting. 

Table 16 

Circumference Measurements For Cables E, F, and I 

Posttest Cable: Virgin Cable: 
Average Circumference Circumference Percent 

Cable (cm) (cm) Chanqe 
E 3.81 k 0.03 3.53 7.6 
F 3.86 0.03 3.53 9.0 
I 1.60 0.03 1.27 25.0 

IR Measurements 

The IR measurements for each cable, after one minute at 
500 V, are plotted in Figures 25 and 26. The measurements 
include values taken prior to aging, after aging, throughout 
the accident exposure, and after the test. All cables had 
acceptable IR values. 

AC Leakage Current Measurements 

The AC leakage current measurements involved applying 
voltage to each cable at the following levels and times: 
600 V for one minute, 1200 V for one minute, 1800 V for one 
minute, and 2400 V (80 V/mil) for five minutes. All 
measurements were made prior to removing the cables from the 
mandrels rather than following the more severe guidelines in 
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Figure 25. Insulation Resistance Measurements for Cables E 
and F 
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IEEE-383. (TEEE-383 recommends that the cables be 
straightened and recoiled around a mandrel with a diameter 
of approximately forty times the overall cable diameter 
prior to the 80 V/mil withstand test.) 

The AC leakage current values, for one conductor to ground, 
are listed in Table 17. All cables passed each test with 
less than 5 mA leakage. All AC leakage current values are 
listed in Appendix D. 

Table 17 

Posttest AC Leakage Current Measurements for EPR D Lot 2 

Test Conditions 
Cables* (mA) 

F I _I-.- E - ~ _ _  

after 1 minute at 600 V 1.1 1.0 0.7 
after 1 minute at 1200 V 2.3 2.1 1.4 
after 1 minute at 1800 V 3.7 3.2 2.1 
after 5 minutes at 2400 V 4.9 4.3 2.8 

* White conductor to ground only 

~ - - -  Chemical Analysis of Virgin Multiconductor Cable 

The analysis, by Huffman Laboratories, is found in 
Appendix F. A s  shown in Table 18, the jacket and insulation 
samples of EPR D lot 2 were analyzed for chlorine and 
bromine content. The jacket consisted of 13.5 percent 
chlorine and 5.0 percent bromine; the insulation consisted 
of less than 0.2 percent chlorine and 11.4 percent bromine. 
The jackets of EPR D lot 1 and lot 2 are similar, but the 
insulation is different. (EPH D lot 1 has chlorine but 
minimal bromine; while, EPR L) lot 2 has bromine and minimal 
chlorine.) 

5.2.2 Insulation-Specimens 

Table 19 lists the weight increases, dimensional increases, 
and changes in tensile properties for insulation specimens 
that were exposed to the accident and the following aging 
conditions: unaged and aged in the HIACA to 40 Mrad and an 
equivalent of 40 years. 

The physical properties and tensile properties show similar 
behavior between the unaged insulation specimens of EPH D 
lot 1 and EPR D lot 2 .  However for the HIACA aged 



Table 18 

Results of the Chemical Analysis f o r  EPR D Lot 2 

c1 
Br 

Jacket (Sample # 3 )  

13.48 percent 
4.97 percent 

-___ Insulation (Sample #4) 

c1 < 0.20 percent 
Br 11.36 percent 

Table 1.9 

Measurements Taken After the Accident f o r  EPR D Lot 2 

AG ING COND I 'I' 1 ONS 

40 Mrad 
-___-- Unaged (HIACA Aged) 

% weight increase 
% length increase 
% diameter increase 
e/eo 
T/To* 

22.7 35.5 

7.9 8.5 
7.7 11.5 
0.19 0.15 

0.86 0.88 

* normalized to virgin cross-sectional area 

Measurements: weight -- measured 9/16/85 
length - -  measured 9/23/85 
diameter - -  measured 9/23/85 
e - ._ measured 1/3/86 
T - _. measured 1/3/86 
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insulation specimens, EPR D lot 1 had greater moisture 
absorption (factor of 3) and lower tensile properties 
(factor of 3) than EPR D lot 2. 

In addition, graphs of the posttest reduction in sample 
weight with time are found in Appendix G .  The graphs show 
that all insulation specimens absorbed water during the 
test. Also a chemical change was identified since the 
weight of the insulation specimens, after the water 
desorbed, was greater than the virgin weight. 

5.3 EPR F: Insulation Specimens 

Table 20 lists the weight increases, dimensional increases, 
and changes in tensile properties for insulation specimens 
that were exposed to the accident and the following aging 
conditions: unaged; aged (by five different methods) to 
25 Mrad and an equivalent of 20 years; and aged (by five 
different methods) to 5 0  Mrad and an equivalent of 4 0  years. 

The physical properties and tensile properties did not 
improve as the accelerated aging time was increased (i.e., 
dose rate and temperature were lowered). This indicates 
that in both the superheated-steam and the previous 
saturated-steam tests, the aging conditions were not 
inducing artificial degradation. 

In addition, graphs of the posttest reduction in sample 
weight with time are found in Appendix G. The graphs show 
that all insulation specimens absorbed water during the 
test. Also a chemical change was identified since the 
weight of the insulation specimens, after the water 
desorbed, was greater than the virgin weight. 

Chemical Analysis of Virsin Insulation 

The analysis, by Huffman Laboratories, is found in 
Appendix F. As shown in Table 21, the insulation s mple 
EPR F was analyzed for chlorine and bromine content. The 

f 

insulation consisted of 10.3 percent chlorine and less than 
0.3 percent bromine. 

5 . 4  EPR H 

5.4.1 Cables 

Visual Examination 

Immediately after the accident simulation and after 
completing the IR and AC leakage current tests (including 
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Table 21 

Results of the Chemical Analysis for EPR F 

Insulation (Sample #7) 

c1 
Br 

10.27 percent 
< 0.30 percent 

the five minute at 2400 V test), the cables were examined. 
No cable degradation was observed; however, there was 
visible swelling of the jacket for each multiconductor cable 
(J, K, L, and M). 

Circumferential Measurements 

Within a week after the accident simulation, the 
circumference of each cable was measured and compared to the 
original circumference. 

As Table 22 shows, the circumference for the following 
cables increased by about 25 percent: aged single conductor 
(0) and aged multiconductor (J and K) cables. The unaged 
multiconductor cables (L and M) increased in circumference 
by 17 percent; the aged multiplex cable (N) increased by 
6 percent. 

Table 22 

Circumference Measurements For Cables J, K, L, M, N, and 0 

Posttest Cable: Virgin Cable: 
Average Circumference Circumference Percent 

Cable (cm) (cm) Chanqe 

J 4 . 6 0  2 0 . 0 8  
K 4.60 2 0.03 
L 4.37 2 0.03 
M 4.39 2 0.05 
N 2.95 +. 0.0 
0 1.73 2 0.05 
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3.73 17.0 
3.73 17.7 
2.79 5.5 
1.37 25.0 



IR Measurements 

The IR measurements for each cable, after one minute at 
500 V, are plotted in Figures 27 and 28. The measurements 
include values taken prior to aging, after aging, throughout 
the accident exposure, and after the test. All cables had 
acceptable IR values. 

AC Leakage Current Measurements 

The AC leakage current measurements involved applying 
voltage to each cable at the following levels and times: 
600 V for one minute, 1200 V for one minute, 1800 V for one 
minute, and 2400 V (80 V/mil) for five minutes. All 
measurements were made prior to removing the cables from the 
mandrels rather than following the more severe guidelines in 
IEEE-383. (IEEE-383 recommends that the cables be 
straightened and recoiled around a mandrel with a diameter 
of approximately forty times the overall cable diameter 
prior to the 80 V/mil withstand test.) 

The AC leakage current values, for one conductor to ground, 
are listed in Table 23. All cables passed each test with 
less than 5 mA leakage. All AC leakage current values are 
listed in Appendix D. 

Chemical Analysis of Virqin Multiconductor Cable 

The analysis, by Huffman Laboratories, is found in Appendix 
F. As shown in Table 24, the jacket and insulation samples 
of EPR H were analyzed for chlorine and bromine content. 
The jacket consisted of 11.1 percent chlorine and less than 
0.3 percent bromine; the insulation consisted of 9.6 percent 
chlorine and less than 0.3 percent bromine. (The insulation 
of EPR F and EPR H is similar.) 

5.4.2 Insulation Specimens 

Table 25 lists the weight increases, dimensional increases, 
and changes in tensile properties for insulation specimens 
that were exposed to the accident and the following aging 
conditions: unaged and aged in the HIACA to 4 0  Mrad and an 
equivalent of 4 0  years. 

When comparing unaged EPR F to unaged EPR H or aged EPR F 
(Batch 2, 50 Mrad) to aged EPR H insulation specimens, the 
physical properties and tensile properties differed by 
approximately a factor of 2 or less. 

In addition, graphs of the posttest reduction in sample 
weight with time are found in Appendix G .  The graphs show 
that all insulation specimens absorbed water during the 
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Figure 27. Insulation Resistance Measurements for Cables J, 
K, L, and M 

-71- 



V 

UNAOED 

ACCIDENT S I MULAT ION 

Figure 28. Insulation Resistance Measurements for Cables N 
and 0 
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Table 23 

Posttest AC Leakage Current Measurements for EPR H 

Cable* (mA) 
Test Conditions J K L M N 0 

after 1 minute at 600 V 0.9 0.8 0.8 0.8 1.0 0.6 

after 1 minute at 1200 V 1.7 1.9 1.7 1.6 1.8 1.4 

after 1 minute at 1800 V 2.7 2.5 2.5 2.4 3.0 2.2 

after 5 minutes at 2400 V 3.5 3.5 3.3 3.2 4.2 3.4 

* White conductor to ground only 

Table 24 

Results of the Chemical Analysis for EPR H 

c1 
Br 

c1 
Br 

Jacket (Sample #51 

11.05 percent 
< 0.30 percent 

Insulation (Sample #6) 

9.61 percent 
< 0.30 percent 
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Table 25 

Measurements Taken After the Accident for EPR H 

AGING CONDITIONS 

4 0  Mrad 
Unaqed (HIACA Aqed) 

% weight increase 
% length increase 
% diameter increase 
e/eo 
T/To* 

31.0 
5.0 

85.2 
19.3 

11.3 26.9 
0.24 0.22 

0.81 0.79 

* normalized to virgin cross-sectional area 

Measurements: weight -- measured 9/16/85 
length -- measured 9/23/85 
diameter -- measured 9/23/85 
e - -  measured 1/3/86 
T - -  measured 1/3/86 

test. Also a chemical change was identified since the 
weight of the insulation specimens, after the moisture 
desorbed, was greater than the virgin weight. 

5.5 EPR 1483: Insulation Specimens 

Table 26 lists the weight increases, dimensional increases, 
and changes in tensile properties for insulation specimens 
that were exposed to the accident simulation and the 
following aging conditions: unaged; aged to 25 Mrad and an 
equivalent of 20 years; and aged to 50 Mrad and an 
equivalent of 4 0  years. 

By comparing the physical properties and tensile properties 
of Batch 1 (chlorine fire retardant) to Batch 3 (bromine 
fire retardant), the choice of halogen fire retardant 
appears to make little difference. However when comparing 
Batches 1 and 3 (batches with a fire retardant) to Batch 2 
(no fire retardant), Batch 2 absorbed less moisture and had 
better tensile properties. 

When comparing Batches 1 and 4 (with different surface 
treated clays but the same chlorine fire retardant), Batch 1 
(Translink 37 surface treated clay) and Batch 4 (Burgess KE 
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surface treated clay) had similar tensile properties. 
However as the total aging increased, the posttest weight of 
Batch 1 increased while the weight of Batch 4 decreased. 

The posttest weight for Batch 5 (nonsurface treated clay 
with a chlorine fire retardant) indicated a loss of 
ingredients and other chemical changes as aging increased. 

For Batch 6 (no vinyl silane bonding but with a surface 
treated clay and a chlorine fire retardant), at each aging 
level, some ingredients have been lost and chemical changes 
have occurred. Although the posttest weight remained less 
than the virgin sample weight in all cases, the posttest 
weight did increase as the total aging increased. 

In addition, graphs of the posttest reduction in sample 
weight with time are found in Appendix G. The graphs show 
that the weight of the insulation specimens remained 
relatively constant--only a minimal amount of moisture was 
desorbing. For Batches 1, 2, 3 ,  and 4 (at each aging level) 
and Batch 5 (unaged samples), the posttest weight of the 
insulation specimens was greater than the virgin weight. 
Therefore, some chemical change occurred. However, for 
Batch 5 (aged samples) and Batch 6 (at each aging level), 
the posttest weight of the insulation specimens was less 
than the virgin weight. Therefore some ingredients have 
been lost and other chemical changes have occurred. These 
results agree with the results from the measurements of 
physical and tensile properties. 

5.6 Summary of Results 

5.6.1 Cables 

Aged single conductors, aged multiplex, and unaged 
multiconductor EPR D lot 1 cables survived the 
test--including the five minute 80 V/mil withstand test. 
However, the aged multiconductors of EPR D lot 1 failed to 
maintain high IR values 19 to 21 days into the accident 
simulation. Furthermore, for these two aged multiconductor 
cables, the jackets were split at the conclusion of the 
accident simulation and the cables failed the 1 minute at 
1800 Vac test (which is less severe than the five minute 80 
V/mil withstand test). 

All EPR D lot 2 cables (aged single and aged 
multiconductors) survived the test--including the five 
minute 8 0  V/mil withstand test. 

All (aged single conductor; aged multiplex; and aged and 
unaged multiconductor) EPR H cables survived the 
test--including the five minute 80 V/mil withstand test. 
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5 . 6 . 2  I n s u l a t i o n  Specimens 

For  t h e  i n s u l a t i o n  specimens t h a t  were exposed t o  f i v e  
d i f f e r e n t  a g i n g  c o n d i t i o n s  (EPR D l o t  1 and EPR F ) ,  t he  
p h y s i c a l  p r o p e r t i e s  and t e n s i l e  p r o p e r t i e s ,  measured a f t e r  
t h e  a c c i d e n t  s i m u l a t i o n ,  d i d  n o t  improve as t h e  accelerated 
a g i n g  t i m e  w a s  i n c r e a s e d  ( i . e . ,  dose  r a t e  and t empera tu re  
were lowered ) .  

I n s u l a t i o n  specimens (EPR D l o t  1, EPR D l o t  2 ,  EPR F, and 
EPR H )  absorbed  m o i s t u r e  d u r i n g  t h e  t e s t  and desorbed  
m o i s t u r e  a f t e r  t h e  t e s t .  

A chemical change w a s  e v i d e n t  f o r  EPR D l o t  1, EPR D l o t  2 ,  
EPR F,  and EPR H, s i n c e  t h e  p o s t t e s t  weight  of t h e  
i n s u l a t i o n  specimens ( a f t e r  t h e  m o i s t u r e  d e s o r b e d )  was 
g r e a t e r  t h a n  the v i r g i n  weight .  

The unaged EPR D l o t  1 and EPR D l o t  2 i n s u l a t i o n  specimens 
show s imi la r  p h y s i c a l  and t e n s i l e  p r o p e r t i e s .  For  t he  aged 
i n s u l a t i o n  specimens.  EPR D l o t  1 had more m o i s t u r e  and 
lower t e n s i l e  p r o p e r t i e s  (by  a f a c t o r  of 3) t h a n  EPR D l o t  2 .  

Unaged and aged (Ba tch  2 ,  50 Mrad) EPR F i n s u l a t i o n  
specimens had p h y s i c a l  and t e n s i l e  p r o p e r t i e s  w i t h i n  a 
f a c t o r  of 2 o r  less of t he  co r re spond ing  EPR H i n s u l a t i o n  
specimens.  

For  EPR 1483, t h e  ba tch  w i t h o u t  t h e  f i r e  r e t a r d a n t  absorbed  
Less m o i s t u r e  and had b e t t e r  t e n s i l e  p r o p e r t i e s  t h a n  b a t c h e s  
w i t h  e i t he r  t h e  c h l o r i n e  o r  bromine f i r e  r e t a r d a n t .  

For  t h e  EPR 1483 f o r m u l a t i o n s  w i t h  a c h l o r i n e  f i r e  r e t a r d a n t  
bu t  w i t h  d i f f e r e n t  s u r f a c e  t reated c l a y s ,  t he  f o r m u l a t i o n s  
showed s i m i l a r  t e n s i l e  p r o p e r t i e s  b u t  d i f f e r e n t  m o i s t u r e  
a b s o r p t i o n  p r o p e r t i e s  a s  a g i n g  i n c r e a s e d .  

From examining t h e  p o s t t e s t  r e d u c t i o n  i n  w e i g h t :  

- C h e m i c a l  changes o c c u r r e d  by t h e  end of t h e  t e s t  f o r  
EPR 1483 Batches 1, 2 ,  3, and 4. 

- The nonsur face  t reated c l a y  f o r m u l a t i o n  (EPR 1483 
B a t c h  5 )  and t h e  f o r m u l a t i o n  which  e l i m i n a t e d  t h e  
v i n y l  s i l a n e  (EPR 1483 B a t c h  6) l ed  t o  a l o s s  of 
i n g r e d i e n t s  and o t h e r  chemical changes .  

Un l ike  t h e  EPR D l o t  1, EPR D l o t  2 ,  EPR F ,  and EPR H i n s u l a -  
t i o n  specimens,  t h e  p o s t t e s t  weight  of t h e  EPR 1483 (Ba tches  
1 th rough  6 )  i n s u l a t i o n  specimens remained r e l a t ive ly  
c o n s t a n t - - o n l y  a minimal amount of m o i s t u r e  w a s  deso rbed .  
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6. CONCLUSIONS OF THE SUPERHEATED-STEAM TEST 

The questions addressed by each subtest, summary of 
pertinent results, and conclusions are discussed below. 

Subtest 1 

The purpose of Subtest 1 was to answer two questions: 
(1) Will EPR D lot 1 multiconductor cables experience 
substantial electrical degradation if superheated-steam 
rather than saturated-steam conditions are used at the start 
of the LOCA profile? and (2) Do other EPR cable products 
show different electrical results between single and 
multiconductor configurations? In addition, Subtest 1 
provided a comparison between different cable lots and 
provided information on jacket-insulation interaction 
effects by including three configurations of cables. 

The results of Subtest 1 have shown that aged EPR D lot 1 
multiconductor cables (but not aged single conductor, aged 
multiplex, or unaged multiconductor cables) experienced 
substantial electrical degradation when superheated-steam 
conditions were used at the start of the LOCA profile. 
Electrical degradation occurred between 19 to 21 days into 
the accident simulation--slightly later than the 
saturated-steam test. 

However, EPR D lot 2 and EPR H did not show different 
electrical results between single and multiconductor 
configurations. Therefore, the following conclusions were 
drawn: 

1. Since the same results occurred using either 
superheated-steam or saturated-steam at the start of the 
accident simulation, it does not appear that 
saturated-steam conditions forced moisture into the 
cable causing the cable to fail prematurely. 
(Superheated-steam only delayed the electrical 
degradation of the cables slightly.) 

2 .  Since only one product (aged multiconductor EPR D lot 1 
cable) had low IR values and large leakage currents, the 
differences between the electrical degradation of single 
and multiconductor cables do not appear to be generic to 
all cables. However, because single conductors and 
multiconductors did behave differently for the aged 
EPR D lot 1 cables, the current equipment qualification 
practice of using single conductors to qualify 
multiconductors may not be a conservative approach for 
all cables. 
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3. Since cable electrical degradation was not observed 
until several days after the start of the accident 
exposure, safety systems that are required only at the 
start of an accident may not be impacted by this 
degradation process. 

4. EPR D lot 1 was certified to LOCA requirements, but 
failed to maintain high insulation resistance values 
throughout the test. EPR D lot 2, although not 
certified. passed the test. From a chlorine and bromine 
analysis, the insulation was found to be different for 
each lot. However, since the physical and tensile 
properties were similar between batches of EPR-1483 
(from Subtest 3) with a chlorine or a bromine fire 
retardant, other formulation differences and the 
processing between lots 1 and 2 may be different. 

Subtest 2 

The purpose of Subtest 2 was to determine if the aging 
technique, used during the aging portion of the 
saturated-steam test, influenced moisture absorption in the 
insulation and thereby induced artificial degradation. From 
the results of testing EPR D lot 1 and EPR F insulation 
specimens at five different aging conditions, the following 
conclusion was drawn: 

1. The aging dose rates and temperatures in the 
superheated-steam and saturated-steam tests were not 
inducing artificial degradation because the physical and 
tensile properties (measured after the accident 
simulation) did not improve as the accelerated aging 
time was increased. 

Subtest 3 

The purpose of Subtest 3 was (1) to identify constituents 
which cause moisture absorption and dimensional swelling in 
the insulation and (2) to help establish the applicability 
of the test results to other cable products. From the 
results of EPR 1483 testing, the following conclusions can 
be drawn: 

1. The presence of a fire retardant influenced the moisture 
absorption and tensile properties of a material. 
(EPR-1483 insulation specimens without a fire retardant 
absorbed less moisture and had better tensile properties 
than those with a fire retardant.) 
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2. All the EPR-1483 insulation specimens showed a chemical 
change after the accident simulation; however, removing 
the surface treatment of the clay or the vinyl silane 
bonding seemed to cause a loss of ingredients in 
addition to other chemical changes. 
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7. COMPARISON BETWEEN THE RESULTS OF THE 
SUPERHEATED-STEAM TEST AND THE 
PREVIOUS SATURATED--STEAM TESTS 

EPR D lot 1, single conductor and multiconductor cables were 
used in the superheated-steam and saturated-steam tests. 
The cables exhibited the same behavior in these tests. 
These results are described below. 

Sinqle Conductor Cables 

For the single conductor cables, both tests showed high IR 
values and low leakage currents. 

Multiconductor Cables 

Both tests showed the following results for the 
multiconductor cable: 

- The TR values followed the same pattern throughout 
both tests with the following exception: in the 
superheated-steam test the IR readings were below the 
instrument range at 19-21 days into the accident; 
whereas, in the saturated-steam tests the readings for 
three different samples of EPH D lot 1 multiconductor 
cable were below the instrument range at approximately 
8, 12, and 18 days into the accident. 

- The circumference of the jacket increased during the 
test, although the jacket increase was not large 
enough to contain the bundle of conductors. 

- The jacket had a longitudinal split. 

- The exposed gap in the jacket was approximately .6 cm 
wide. 

- Bare conductors were visible. 

- The cables had large leakage currents after one minute 
at the following voltages: 

saturated-steam tests 

-81- 



8. CONCLUSIONS FROM BOTH THE SUPERHEATED-STEAM TEST 
AND THE SATURATED-STEAM TESTS 

From the superheated-steam and the saturated-steam tests, 
the following general conclusions were drawn. 

1. 

2. 

3 .  

4 .  

5. 

6 .  

Since a multiconductor jacket provides additional 
protection to the insulation, current equipment 
qualification practices use single conductor 
qualification tests to qualify multiconductor cables. 
However, both the saturated-steam and the 
superheated-steam tests indicate that results from 
single conductor cable tests may not be conservative 
when trying to qualify multiconductor cables. 

Since only one product (aged multiconductor EPR D lot 1 
cable) had low IR values and large leakage currents, the 
differences between the electrical degradation of single 
and multiconductor cables do not appear to be generic to 
all cables. 

Since cable electrical degradation was not observed 
until several days after the start of the accident 
exposure, safety systems that are required only at the 
start of an accident may not be impacted by this 
degradation process. 

The aging dose rates and temperatures in the 
superheated-steam and saturated-steam tests were not 
inducing artificial degradation because the physical and 
tensile properties (measured after the accident 
simulation) did not improve as the accelerated aging 
time was increased. 

The same results occurred using either superheated-steam 
or saturated-steam at the start of the accident 
simulation. Therefore, it does not appear that 
saturated-steam conditions forced moisture into the 
cable causing the cable to fail prematurely. 
(Superheated-steam had little effect other than slightly 
delaying the time to failure.) 

It was suggested, in the saturated-steam test, that the 
single conductor showed no electrical degradation due to 
the absence of jacket-insulation interaction effects and 
less severe bending (no helical bend component). 
Because the multiplex cable in the superheated-steam 
test had no electrical degradation, the primary cause of 
multiconductor failure is due to the jacket-insulation 
interaction effects. 
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AKRON RUBBER DEVELOPMENT LABORATORY, INC. 
300 K E N M O R E  B O U L E V A R D  

AKRON, OHIO 4430 1 
(216) 434-6664 

February 4, 1986 

Ms. Paul ine Bennett 
Sandia National Laborator ies ,  Inc. 
Division 6445, Bldg. 823, Room 3026 
151 5 Eubank 61 vd. 
A1 buquerque, New Mexico 871 33 

Dear Ms. Bennett, 

The following i s t h e  c o r r e c t  formulation used on your p r o j e c t  i n  December o f  1984. 

Nordel 2722 
DYNH No. 1 
Zinc Oxide 
Paraf f in  Wax 
Zetax 
AMinox 
Si lane  A 172 
SRF N774 
Litharge 
D i  Cup R 
Dechl orane 25 
Antiomony Trioxide 
Whitex Clay 

90. oc 
20.0 

5.00 
5.00 
2.00 
1 .oo 
7 .oo 
2.00 
5.00 
5.00 

33.00 
12.00 
60.00 

Total 241 .OO 

I f  I can be of any f u r t h e r  a s s i s t a n c e  please do  not h e s i t a t e  i n  contacting me. 

LABORATORY, INC. 

/ 
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AKRON RUBBER DEVELOPMENT LABORATORY, INC. 
300 KENMORE B O U L E V A R D  

AK RON, OHIO 4430 1 
(216) 434-6664 

March 20, 1985 

Ms. Pauline Bennett 
Sandia National Laborator ies ,  Inc.  
Division 6445, Bldg. 823, Room 3026 
151 5 Eubank Boulevard 
A1 buquerque, New Mexico 871 33 

Dear Ms. Bennett, 

Please f i n d  below the proper formula f o r  compound No.5. 
No. 4,  No. 5 and No. 6 should read antimony t r i o x i d e ,  not  antimony oxide.  

Also compounds N O . l ,  No. 3, 

Nordel 2722 
D Y N H  No. 1 
Zinc Oxide 
Para f f i n Wax 
Zetax 
A m i  nox 
Si lane  A - 172 
SRF N 774 
L i  t ha rge 
D i  Cup R 
Dechlorane - 25 
A n t i  omony Tri oxi de 
White Clay 

90.00 
20.00 

5.00 
5.00 
2.00 
1 .oo 
1 .oo 
2.00 
5.00 
5.00 

33.00 
12.00 
60.00 

241 .OO 

AKRON RUBBER DEVELOP 6 ENT LABORATORY, INC. 
I’ 

RM/dc 

PN# 8044 
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AKRON RUBBER DEVELOPMENT LABORATORY. INC. 
300 K ENMORE SOUL E V A R D  

AKRON, OHIO 44301 
(216) 434-6664 

January 8, 1985 

Ms; Pauline Bennet 
Sandia National Labora tor ies ,  Jnc. 
1515 Eubank Blvd. 
A1 bequerque, New k x i  co 871 23 

SUBJECT: Mixing and curing s ix  EPDM compounds a s  requested by t h e  above company 
Per PO# 21-8494. 

RECEIVED: Six EPDM Recipes 

FORMULAE: 

Nordel 2722 
DYNH No. 1 
Zinc Oxide  
Paraf f i n wax 
Zetax 
A m i  nox 
Trans l ink  37 
Si l ane  A-172 
SRF N774 
L i  t h t r g e  
DiCup R 
Dechl orane +I?5 
Antimony Oxide 
Burgess KE 
W h i t i n g  
Saytex 102 

Tota l s  

1 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 

60.0 
1 .o 
2.0 
5.0 
5.0 

33.0 
12.0 - 
- - 

2 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 

60.0 
1 .o 
2.0 
5.0 
5.0 - 

3 4 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 
60.0 

1 .o 
2.0 
5.0 
5.0 

12.0 
- 

- 
33.0 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 
1 .o 
2.0 
5.0 
5.0 

33.0 
12.0 
60.0 

- 

5 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 

1 .o 
2.0 
5.0 
5.0 

33.0 
12.0 

- 

- 
60.0 - 

6 

90.0 
20.0 

5.0 
5.0 
2.0 
1 .o 
60.0 

2.0 
5.0 
5.0 

33.0 
12.0 

- 

241 .O 196.0 241 .O 241 .O 241 .O 240.0 
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January 8, 1985 

Ms. Pauline Bennet 
Sandia National Laboratories, Inc. 

Page Two 

RHEOMETER DATA, ASTM D 2084 
MODEL: MPV DIE: Micro ARC:  1" SPEED: 100 cpm 
TEMPERATURE: 340°F RANGE: 100 CLOCK: 30 minute 

350°F 
340°F COMPOUND NO. 1 350°F COMPOUND NO.l 

Maximum Torque, M H ,  Lbf.IN 
I4inimum Torque, ML, Lbf. IN 
Scorch Time, T S . l ,  Minutes 
Cure Time, TC.90, Minutes 
Cure Rate, ML90 - ML 

TC90 - TS.l, Lbf.IN/Minute 

48.90 
6.5G 
2.37 

12.75 
3.68 

47.50 
6.20 
1.50 
7.00 
6.76 

10, 6" x 6" x .075" s labs  
appl i ed . 

press cured 15 minutes a t  340"F, 1500 psi pressure 

Cured s labs  shipped via Federal Express January 4,  1985 

MIXING SPECIFICATION 

TIME INGREDIENT 

0 
1 min.  

5 min .  
5 4 min. 

Nordell 2722, D Y N H  No. 1 
Zinc Oxide, Paraff in ,  Zetax, Aminox, White F i l l e r s ,  
Silane A172, SRF N774, Litharge, Antimony Oxide, 
Dechlorane +25, Saytex 102 
Sweep down 
Dump 

DUMP TEMPERATURE: 325°F 

Dicup R added on mill a t  170°F 
Total Mill Time: 3.5 minutes 

Compy o f  rheometer graphs enclosed. 

W i  11 i am K1 i ngensmi t h  
President 

AKRON RUBBER DEVELOPMENT LABORATORY, INC. 

PN# 8044 
INVIY 15286 

1 

A- 6 



Appendix B 

Instrumentation and Calibration Records 
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APPENDIX B 

Measurement Equipment 

Calibration 
Measurement Manufacturer, Model No. Accuracy Date Calibrated Date Exvires 

Load Voltage 
Current and 
Power 

Magtrol Power Analyzer Voltage: +0.3% 5 5 counts Dec. 10. 1984 Sept. 10, 1985 
Model No. 4612 Current: z0.31 5 5 counts 
S/N 1A167 Power: -20.3% 5 5 counts 

Insulation 
Resistance 

Hipotronics Megohmmeter 
Model No. HM3A 
S/N 9402-00 

Hlpotronics AC Dielectric 
Test Set 
Model 715-10 Type -14-1630 
S/N 275CS14 

Hipotronics Hipot Tester 
Model HD140 
S/N K120-1139 

Hewlett Packard Digital 
Multimeter 
S/N 02898 

June 5, 1985 Dec. 5, 1985 

- +3% Insulation 
Resistance 

July, 1985 April 24. 1986 

- +3% July, 1985 NOV. 1. 1985 Hlpot 

Resistance - +lo% 

Nov. 29, 1984 - 

July 2 2 ,  1985 Feb. 1. 1986 

Temperature Omega Type K Thermocouples 
Type SCASS-0629-6 

- +o. 2.C 

- +o -1% Chamber 
Pressure 

Digital Heise Gauge 
Model 710A 
Serial SI-5982 

Analog Data Hewlett Packard chart Trend indicator only 
Recorders (calibration performed 
Model 7132A before and aEter test) 
R18344 and R18342 

Air Flow Rate Kurz Air Velocity Meter 
Model 441 

Volts 5 0.1% 5 0.10v August 23. 1985 Feb. 23, 1986 
Thermocouple 5 0.3% 
- + 0.1.C. 

Volts 5 0.1% 5 0.10v May 21, 1985 Nov. 21, 1985 
Thermocouple 5 0.3% 
- + 0.1OC 

Volts 2 0-1s 0.10v April 14, 1985 Oct. 4, 1985 
Thermocouple 5 0.3% 
- + 0.1oc 

Volts: 55 mv - 10 V range 
(+ 0.03% of reading 
+ 0.012% of range) 

Thermocouple 2 0.5OC 

Calibrated at use with March 18, 1985 Peb. 1, 1988 
with SNLA weights 127412 weights: 

Jan. 12, 1984 Jan. 12, 1987 

Calibrated at use with 
SNLA gage Blocks t523 

Data 
Recording 

Acurex Datalogger 
Model A Ten110 
S/N 274389 

Acurex Datalogger 
Model A Ten/lO 
S/N 14892 

Acurex Datalogger 
Model A Ten110 
S/N 12793 

Acurex Datalogger 
Model 800 
S/N 9-098 

Veight Ohaus Brainweigh 
Model B300D 
S/N 11367 

Thickness Mitutoyo Micrometer 
0-1.; -001" 
S/N 637 

Tensile 
Measurements 

INSTRON Tensile 
Measurement 
Mode 1 

Load cell calibrated at Weights: 
use with SNLA weights June 16, 1983 June 16, 1986 
t4445 
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Appendix C 

IR Measurements after One Minute at 500 V: Raw Data 

C-l/C-2 
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Appendix D 

AC Leakage Current Measurements: Raw Data 
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Appendix  E 

Summary of Test Deviations 
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E.l Problems with Instrumentation 

Several problems occurred during the course of the test that 
had no bearing on the results of the test. The first 
problem arose as a result of the installation of two 
pressure transmitters in the GIF cell. The system pressure 
transmitter was recorded on channel #51 of datalogger 18A8* 
and the chamber pressure transmitter was recorded on channel 
#40 of datalogger trB8c. Both pressure transmitters gave 
erroneous readings as a result of the radiation field in the 
GIF cell. A calibrated digital Heise gauge, installed 
outside the cell, indicated chamber pressure. 
Unfortunately, it did not have an output signal which could 
be recorded on a datalogger. Daily logs  and chart 
recordings were used to periodically record the Heise 
readings. In addition, several other noncalibrated pressure 
transmitters were used as secondary sources to track the 
chamber pressure during the course of the test. 
Furthermore, except for the superheated-steam portion of the 
test (the first 11 hours of the test), temperature readings 
may be .used to calculate the saturated-steam pressures. 

Several other problems occurred starting on August 27, 1985, 
the second day of the accident simulation. After the 14:OO 
scan, the RS-232 output of the IIBl8 datalogger 
malfunctioned. Due to the structure of the HEMP program, 
the computer was waiting €or the output from the datalogger 
and, therefore, did not receive data from either datalogger. 

A l s o  the paper tape output from both dataloggers was 
maintained until 15:OO on August 28, 1985. But at 15:OO on 
August 28, 1985, the 88B18  datalogger paper tape output also 
failed. The I8B1l datalogger was replaced on August 29, 1985 
at 1O:OO and the dataloggers and the computer system 
operated correctly during the remainder of the test. 

Due to the diversity and redundancy of the data acquisition 
system, a continuous recording of data was maintained by the 
proper operation of the chart recorders and the "All 
datalogger (for chamber inlet pressure). Since neither the 
computer nor the dataloggers are used to control the steam 
or radiation systems (the system was manually controlled), 
none of these events affected the intended accident 
profile. 

E.2 Problems During LICA Simultaneous Aging 

Two groups of insulation specimens had problems with either 
maintaining the thermal aging temperature or with leaking 
LICA cans. Therefore, new insulation specimens were 
prepared and aged. 
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During the simultaneous aging, several power outages 
occurred. The effect of the outages on the accelerated age 
of the insulation samples was calculated. In each case, the 
l o s s  of temperature did not affect the experiment since the 
achieved accelerated age was between 3 9  and 40 years. 

One final problem involved some of the EPR 1 4 8 3  Batch 5 
insulation specimens. These particular specimens were to 
have 25 Mrad and an equivalent age of 2 0  years. However, 
the samples were removed from the aging conditions 
approximately 8 hours early. This led to an error of 
approximately 15 percent. 

E . 3  Problems During the HIACA Simultaneous Aging 

Although thermal aging was interrupted three times during 
aging, the total thermal aging time included only the time 
when the temperature was between 134OC and 144OC. The 
calculated time for thermal aging was 1 6 8  hours and the 
achieved time was 1 6 7  hours. This led to less than a 
1 percent error in the accelerated age. 

Although radiation aging was interrupted four times during 
aging, the radiation exposure was for the required 1 4 9  hours. 

E.4 Problems During the HIACA Simultaneous Accident 

There were deviations from the intended radiation conditions 
i nc lud i ng 

1. the time at which the cobalt was changed from 7 groups 
to 4 groups and 

2. two times when the cobalt dropped into the pool 
discontinuing irradiation. 

These two conditions resulted in an achieved dose of 
1 0 7  Mrad rather than the intended dose of 108 Mrad (less 
than 1 percent error). 
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Chemical Analysis 
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Sample 

1 

2 

3 

4 

5 

6 

7 

8 

Samples f o r  the Chemical Analysis 

Description 

Virgin EPR D lot 1: jacket 
Virgin EPR D lot 1: insulation 
Virgin EPR D lot 2: jacket 
Virgin EPR D lot 2: insulation 
Virgin EPR H: jacket 
Virgin EPR H: insulation 
Virgin EPR F: insulation 
Powder f rom aged EPR D 
cable (after the accident 
s imu la t ion) 
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(Detection (Detect ion 
Element L i m i t )  Units F o u n d  Element Limit) 

A 1  
Si 
N n  
K 
Fe 
M e  
c :t 
‘I‘i 
M n 
A r  
A S  

Au 
F! 
Fa 
Eie 
Ri 
C d  

5 L 
5 .7 
F . 02  
5 G ( 5 )  

3 
- 1 5  

.7 5 
05 

P PM 300 
PFT4 7 
PPN 700 
P PFi N 
P Pr.; 300 
P PM 30 
PPN N 
PPI4 1; 
P Fl~l N 

2 
0’ 
1’ 

c o  
Cr 
cu 
La 
Mo 
Nb 
TI i 
P b  
Sh 
:‘C 

Sn 
S r  
V 
’L: 
Y 
Z n  
Zr 
n, 
A 11 

Units Found 

P PF1 30 
P PM 2coo 
PPM G(20,COO) 
P PM I\; 
P PI4 30 
PPI4 N 
P PI4 zoo 
P F 1.1 1500 
PPM G(10,OOO) 
P PPI P; 
P FT.1 3OC 
PPT? :J 
P FM 15 
PPI*; 1J 
PPI1 L 
P PN 300 

70 PPF1 
?-  
1, 

nnnn 
I : I .  

G=Gre?ter t h ? n  v a l u e  s h o w n  
L=Fetected but below detection limit s h o w n  
N = N o t d e t e c t e d 
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PRESIDENT 
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HUFFMAN LABORATORIES, INC. 
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E W D HUFFMAN SR Ph D 
CHAIRMAN 

M a r c h  1 9 ,  1 9 8 6  

P a u l i n e  B e n n e t t  
S a n d i a  N a t i o n a l  L a b s  
1 5 1 5  E u b a n k  B l v d ,  S E  #957 
A l b u q u e r q u e ,  N.M. 87185 

D e a r  Ms. B e n n c t t ,  

The f o l l o w i n g  i n f o r m a t i o n  i s  g i v e n  i n  r e s p o n s e  t o  y o u r  r e q u e s t  
f o r  d o c u m e n t a t i o n  o f  c a l i b r a t i o n  f o r  t h e  a n a l y s e s  p e r f o r m e d  o n  
o u r  l a b  X 2 4 9 8 6 .  

T h e  c a r b o n  h y d r o g e n  d e t e r m i n a t i o n  was p e r f o r m e d  b y  c o m b u s t i n g  
t h e  s a m p l e  a t  1050OC i n  o x y g e n ,  t h e n  s e p a r a t i n g  a n d  
m e a s u r i n g  t h e  r e s u l t i n g  c a r b o n  d i o x i d e  a n d  w a t e r .  A f t e r  
c o m b u s t i o n  i n  a t i n  c a p s u l e  ( w h i c h  r a i s e s  t h e  t e m p e r a t u r e  o f  
t h e  s a m p l e  t o  1600OC)  t h e  c o m b u s t i o n  g a s e s  w e r e  s w e p t  t h r o u g h  
c o m b u s t i o n  c a t a l y s t s  a n d  t h r o u g h  a c o o l e d  t u b e  c o n t a i n i n g  CaC12 
w h i c h  t r a p p e d  t h e  w a t e r  b u t  a l l o w e d  t h e  c a r b o n  d i o x i d e  t o  be  
s w e p t  o n  t h r o u g h  a s c r u b b e r  t o  r e m o v e  n i t r o g e n  o x i d e s  a n d  i n t o  a 
C o u l o m e t r i c s  c a r b o n  d i o x i d e  c o u l o m e t e r  w h i c h  m e a s u r e s  t h e  c a r b o n  
d i o x i d e .  A f t e r  s w e e p i n g  a l l  o f  t h e  c a r b o n  d i o x i d e  f r o m  t h e  CaC12 
t u b e ,  t h e  c o o l i n g  w a t e r  was t u r n e d  o f f  a n d  t h e  t u b e  h e a t e d  t o  d r i v e  
o f f  t h e  w a t e r  w h i c h  w a s  s w e p t  i n t o  a h e a t e d  t u b e  o f  1 , l  
c a r b o n y l d i i m i d a z o l e  w h i c h  q u a n t i t a t i v e l y  c o n v e r t s  w a t e r  t o  c a r b o n  
d i o x i d e .  The  r e s u l t i n g  c a r b o n  d i o x i d e  was t h e n  s w e p t  i n t o  a n o t h e r  
c a r b o n  d i o x i d e  c o u l o m e t e r  f o r  m e a s u r e m e n t .  P r i m a r y  s t a n d a r d  
g r a d e  a n t h r a c e n e  f r o m  t h e  B r i t i s h  D r u g  H o u s e  C h e m i c a l s  L t d .  w a s  
u s e d  a s  a s t a n d a r d .  

The e m i s s i o n  s p e c t r o c h e m i c a l  a n a l y s i s  was p e r f o r m e d  b y  f i r s t  
a s h i n g  t h e  s a m p l e  w i t h  s u l f u r i c  a c i d ,  t h e n  p l a c i n g  i t  o n  a c a r b o n  
r o d ,  a n d  p a s s i n g  a h i g h  v o l t a g e  e l e c t r i c  s p a r k  b e t w e e n  t h e  s a m p l e  
r o d  a n d  a n o t h e r  c a r b o n  r o d .  The l i g h t  p r o d u c e d  i s  t h e n  s e p a r a t e d  
b y  p a s s i n g  t h r o u g h  a d i f f r a c t i o n  g r a t i n g  a n d  r e c o r d e d  o n  f i l m  
w h i c h  i s  t h e n  c o m p a r e d  t o  f i l m  p r o d u c e d  b y  r u n n i n g  i n t e r n a l  
s t a n d a r d s .  T h e r e  w e r e  n o t  a n y  a p p r o p r i a t e  N B S  s t a n d a r d s  a v a i l a b l e .  

The c h l o r i n e  a n d  b r o m i n e  d e t e r m i n a t i o n s  w e r e  p e r f o r m e d  b y  c o m b u s t i n g  
t h e  s a m p l e s  i n  o x y g e n  a n d  a b s o r b i n g  t h e  c o m b u s t i o n  g a s e s  i n  a 
s o l u t i o n  o f  s o d i u m  h y d r o x i d e  a n d  s o d i u m  b i s u l f i t e ,  d e s t r o y i n g  t h e  
b i s u l f i t e  w i t h  H202, a d j u s t i n g  t h e  pH, t h e n  t i t r a t i n g  t h e  
s o l u t i o n  w i t h  s i l v e r  n i t r a t e  u s i n g  p o t e n t i o m e t r i c  e n d  p o i n t s  f r o m  
a s i l v e r  s u l f i d e  e l e c t r o d e  a n d  d o u b l e  j u n c t i o n  r e f e r e n c e  e l e c t r o d e .  
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The  m e t h o d s  t h e m s e l v e s  s h o u l d  g i v e  r e p e a t a b l e  r e s u l t s  w i t h i n  t 0.3% 
a b s o l u t e .  F o r  s t a n d a r d  m a t e r i a l s  we u s e d  P - c h l o r o b e n z o i c  a c i a  and 
P - b r o m o b e n z o i c  a c i d  s u p p l i e d  f r o m  t h e  B r i t i s h  D r u g  House.  On t h e  
c h l o r o b e n z o i c  a c i d  w h i c h  has  a t h e o r e t i c a l  c h l o r i n e  c o n t e n t  o f  2 2 . 6 4 2 ,  
a v a l u e  o f  2 2 . 5 6 %  was f o u n d .  On t h e  b r o m o b e n z o i c  a c i d  w i t h  a 
t h e o r e t i c a l  b r o m i n e  c o n t e n t  o f  39.755, a v a l u e  o f  3 9 . 4 5 %  w a s  f o u n d .  

S i n c e r e l y ,  

D a i e  R a i n e s  
L a b  Manager  

DR/md 
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Appendix G 

Reduction in Insulation Specimen Weight with Time 

G-l/G-Z 







1 1 I 
I I 1 , - ,  I .  

R 

G-4 



22
 I 

EP
RD

,L
O

T 
1 :

 W
EI

G
H

T 
VS

. T
IM

E
 

BA
TC

H
 3

 A
ND

 4
 A

T 
25

 M
R

A
D

 A
ND

 5
0 

M
RA

D 

B
A

TC
H

 
3 

W
T.

 A
T 

25
 M

R
A

D
=

O
 

B
A

TC
H

 
3 

W
T.

 A
T 

50
 M

R
A

C
 =

 
B

A
TC

H
 

4 
W

T,
 A

T 
25

 M
R

A
D

 =
A
 

B
A

TC
H

 
4 

W
T.

 A
T 

5
0

 M
R

A
D

=
 o

 

6
 

I
 

Ic
- 

SE
PT

 .
-

-
 

O
C

T
 

- 
N

O
V

 .
-

-
 

D
EC

 ,
 

JA
N

 
_
_
_
I
(
 



if r: 
f 

G-6 



i 
f 

G-7 



u1 a 
2 

ii 

G- 8 



I 
I 

1 . I . .  
1 " 1 1  

G-9 

t 



G-10 



Y - 
t- i .. 

n 
W 

I r. i 
G-11 





- - 
I 

'.I - *- 

G- 13 



G-14 



G- 15 



i 
i 

d " 

G-- 16 



o o a o m 4  

0 

3 UJ 

-I 
z 

4 
I 

G-17 



cu 

J 

u 

z 

3 

'? 

a 
n 
> 
Lu 

Z 
I) 

G-18 



DISTRIBUTION: 

U.S. Government Printing Office 
Receiving Branch (Attn: VRC Stock) 
8610 Cherry Lane 
Laurel, MD 20707 
375 copies €or RV 

Ansaldo Impianti 
Centro Sperimentale del Boschetto 
Corso F.H. Perrone, 118 
16161 Genova 
ITALY 
Attn: C. Bozzolo 

Ansaldo Imp iant i 
Via Gabriele D'hnunzio, 113 
16121 Genova 
ITALY 
Attn: S. Grifoni 

ASEA-ATOM 
Department KRD 
Box 53 

Vasteras 
SWEDEN 
Attn: A. Kjellberg 

S-721 04 

ASEA-ATOM 
Department TQD 
Box 53 

Vas teras 
SWEDEN 
Attn: T. Granberg 

S-721 04 

ASEA KABEL AB 
P.O. Box 42 108 

S t ockho lm 
SWEDEN 
Attn: B .  Dellby 

S-126 12 

Atomic Energy of Canada, Ltd. 
Chalk River Nuclear Laboratories 
Chalk River, Ontario KOJ 1JO 
CANADA 
Attn: G. F. Lynch 

Atomic Energy of Canada, Ltd. 
1600 Dorchester Boulevard West 
Montreal, Quebec H3H 1P9 
CANADA 
Attn: S. Vish 

Atomic Energy Research Establishment 
Building 47 , Division M.D..D. 
Harwell, Oxfordshire 

EHGLAND 
Attn: S. G. Burnay 

OX11 ORA, 

Bhabha Atomic Research Centre 
Health Physics Division 
BARC 
Bombay- 8 5 
INDIA 
Attn: S. K. Hehta 

British Nuclear Fuels Ltd. 
Springfields Works 
Salwick, Preston 
Lancs 
ENGLAND 
Attn: W. G. Cunliff, Bldg 334 

Brown Boveri Reaktor GMBH 
Postfach 5143 
D-6800 Mannheim 1 
WEST GERMAbIY 
Attn: R. Scheme1 

Bundesanstalt fur Haterialprufung 
Unter den Eichen 87 
D-1000 Berlin 45 
WEST GERMANY 
Attn: K. Wundrich 

CEA/CEbl-FAR ( 2 copies ) 
Departement de Surete Nucleaire 
Service d'halyse Fonctionnelle 
B.P. 6 
92260 Fontenay-aux-Roses 
F W C E  
Attn: M .  Le Meur 

J. Henry 



C E W  
Laboratorie 1 
CH-1211 Geneve 23 
SWITZERLAND 
Attn: H. Schonbacher 

Canada Wire and Cable Limited 
Power SI Control Products Division 
22 Commercial Road 
Toronto, Ontario 
CANADA H4G 124 
Attn: 2. S. Paniri 

Centro Elettrotecnico 
Spec iment a le It a 1 iano 

Research and Development 
Via Rubattino 54 
20134 Milan, 
ITALY 
Attn: Carlo Hasetti 

Commissariat a 1'Energie Atomique 
ORIS/LABRA ( 3  cop ies )  
BP No 2 1  
91190 Gif-Sur-Yvette 
FRANCE 
Attn: G. Gaussens 

J. Chenion 
F. Carlin 

Commissariat a 1'Energie Atomique 
CEff Cadarche DREISTRE 
BP No 1 
13115 Saint Paul Lez Durance 
FRANCE 
Attn: J. Campan 

Conductores Monterrey, S. A. 
P.O. Box 2039 
Monterrey, ff. L. 
MEXICO 
Attn: P. G. Murga 

Electticite de France ( 2  cop ie s )  
(S.E.P.T.E.U.) 
1 2 ,  14 Ave. Dubrieroz 
6 96 28 Villeurbarnie 
Paris, FRANCE 
Attn: H. Herouard 

H. Hermant 

Electcicite de France (2 copies)  
Direction des Etudes et Recherches 
1, Avenue du General de Gaulle 
92141 CL.AMART CEDEX 
FRANCE 
Attn: J. Roubault 

L. Deschamps 

Electricite de France ( 3 copies)  
Direction des Etudes et Recherches 
Les Renardieres 
Boite Postale no 1 
77250 HOBET SUR LORING 
F W C E  
Attn: Ph. Roussarie 

V. Deglon 
J. Ribot 

Energia IUucleare e delle 
Energie Alternative 

CKE Casaccia 
1-0060 Rome 
ITALY 
Attn: A. Cabrini 

EURATOH 
Commission of European Communities 
C.E.C. J.R.C. 
21020 Ispra (Varese) 
ITALY 
Attn: G. Mancini 

FRAMATOME ( 2  cop ies )  
Tour Fiat - Cedex 16 
92084 Paris La Defense 
FRANCE 
Attn: G. Chauvin 

E. Raimondo 

Furukawa Electric Co., Ltd. 
Hiratsuka Wire Works 
1-9 Higashi Yawata - 5 Chome 
Hiratsuka, Kanagawa Pref 
JAPAN 254 
Attn: E. Oda 

GesellschaEt Eur Reaktorsicherheit (GRS) mbH 
Glockengasse 2 
D-5000 Koln 1 
WEST G E W Y  
Attn: Library 

D i s t - 2  



Health &I Safety Executive 
Thames House North 
Mi lbank 
London SWlP 4QJ 
ENGLAND 
Attn: W. W. Ascroft-Hutton 

ITT Cannon Electric Canada 
Four Cannon Court 
Whitby, Ontario LlN 5V8 
CANADA 
Attn: B. D. Vallillee 

Imatran Voima oy (2 copies)  
Electrotechn. Department 
P.O. Box 138 
SF-00101 Helsinki 10 
FINLAND 
Attn: B. Regnell 

K. Koskinen 

Institute of Radiation Protection 
Department of Reactor Safety 
P.O. Box 268 
00101 Helsinki 10 
FINLAND 
Attn: L. Reiman 

Instituto de Desarrollo y Diseno 
Ingar - Santa Fe 
Avellaneda 3657 
C.C. 34B 
3000 Santa Fe 
REPUBLICA ARGENTINA 
Attn: N. Labath 

ISHES S.P.A. (2 copies)  
Viale G. Cesare, 29 
24100 BERGAMO, Italy 
Attn: A. Castoldi 

M. Salvetti 

Japan Atomic Energy Research Institute 
Takasaki Radiation Chemistry 
Research Establishment ( 3 copies ) 

Watanuki-machi 
Takasaki, Gunma-ken 
JAPAN 
Attn: 8 .  Taraura 

K. Yoshida 
T. Seguchi 

Japan Atomic Energy Research Institute 
Tokai-Mura 
Naka-Gun 
I bar ak i- Ken 

Attn: Y. Koizumi 
319-11, JAPAbl 

Japan Atomic Energy Research Institute 
Osaka Laboratory for Udiation Chemistry 
25-1 Hii-Minami machi, 
Neyagawa-shi 
Osaka 572 
JAPAbl 
Attn: Y. Nakase 

Kalle Biederlassung der Hoechst AG 
Postfach 3540 
6 200 Wiesbaden 1, 
WEST GERMANY 
Biebrich 
Attn: Dr. H. Wilski 

Kraftwerk Union AG 
Department 8361 
Hammerbacherstrasse 12 + 14 
D-8524 Erlangen 
WEST GERMAbIY 
Attn: I. Terry 

Kraftwerk Union AG 
Section 8541 
Postfach: 1240 
D-8757 Karlstein 
WEST GERMANY 
Attn: W. Siegler 

Kraftwerk Union AG 
Hammerbacherstrasse 12 + 14 
Postfach: 3220 
D-8520 Erlangen 
WEST GERMANY 
Attn: W. Horell 

Motor Columbus 
Parkstrasse 27 

Baden 
SWITZERLAND 
Attn: H. Fuchs 

CH-5401 



National Nuclear corporation 
Cambridge Road, Whetstone 
Leicester LE8 3LH (2 copies) 
ENGLAND 
Attn: A. D. Hayward 

J. V. Tindale 

UOK AG Baden 
Beznau Nuclear Power Plant 
CH-5312 Doettingen 
SWITZERLAND 
Attn: 0. Tatti 

Uorsk Kabelfabrik 
3000 Drammen 
UORWAY 
Attn: C. T. Jacobsen 

Uuclear Power Engineering Test Center 
6-2, Toranomon, 3-Chome 
Hinato-ku, 412 Akiyana Bldg . 
Tokyo 105 
JAPAN 
Attn: K. Takumi 

Ontario Hydro ( 2  copies) 
700 University Avenue 
Toronto, Ontario l45G 1x6 
CANADA 
Attn: 8. Wong 

B. Kukreti 

Oy Stcomberg Ab 
He Is inki Works 
Box 118 
FI-00101 Helsinki 10 
FINLAND 
Attn: P. Paloniemi 

Radiation Center of 
Osaka Prefecture 

Radiation Application- 
Physics Division 

Shinke-Cho, Sakai 
Osaka, 593, JAPAN 
Attn: S. Okamoto 

Rheinisch-Westfallscher 
Technischer Ubecuachunge-Vereln e.V. 
Postfach 10 32 61 
D-4300 Essen 1 
WEST GEEMANY 
Attn: R. Sartori 

Sydkraf t 
Southern Sweden Power Supply 
21701 Malm0 
SWEDEN 
Attn: 0. Grondalen 

Technical University Munich 
Institut for Radiochemie 
D-8046 Garching 
WEST G E W Y  
Attn: Dr. H. Heusinger 

UKAEA 
Materials Development Division 
Building 47 
AERE Harwell 
OXON 0x11 ORA 
E N G W D  
Attn: D. C. Phillips 

United Kingdom Atomic Energy Authority 
Safety & Reliability Directorate 
Wigshau Lane 
Culche th 
Warrington WA3 4NE 
ENGLAND 
Attn: N. A. H. G. Alderson 

Waseda University 
Department of Electrical Engineering 
3-4-1 Ohkubo, Shinjuku-ku 
Tokyo 160 
JAPAN 
Attn: Y. Ohki 

Rapp in1 

Via Arcoveggio 56/23 
Bologna 
ITALY 
Attn: Ing. Ruggero 

ENEA-P EC 

Dist-4 



1200 
1800 
1810 
1811 
1812 
1812 
1813 
2126 
2126 
2514 
5114 
5114 
6200 
6300 
6400 
6410 
6417 
6420 
6430 
6433 
6433 
6440 
6442 
6444 
6446 
6446 
6446 
6446 
6446 
6446 
6446 
6447 
6447 
6447 
6449 
6450 
8024 
3141 
3151 

J. P. 
R .  L .  
H. G. 
R. L .  
J. M. 
K. T. 
J. G. 
J. E .  
0. M. 
L .  L .  
W. D. 
P .  R. 
V. L. 
R. W. 
A .  W. 
J. W. 
D. D. 
J. V. 
N. R. 
F. J. 
F. V. 
D. A .  
W. A .  
L. D. 
W. H. 
L .  D. 
T. W. 
J. W. 
M. J. 
J. D.  
S. D. 
D. L .  
3 .  M. 
V. J. 
K. D. 
J. A.  
P. w. 
S. A .  
w. L. 

VanDevender 
Schwoebel 
Kepler 
Clough 
Zeigler 
Gillen 
Curro 
Gover 
Stuetzer 
Bonzon 
Ulrich 
Bennett ( 5 )  
Dugan 
Lynch 
Snyder 
Hickman 
Carlson 
Walker 
Ortiz 
Wyant 
Thome 
Da hl g r en 
Von Riesemann 
Buxton 
Buckalew 
Bustard 
Gilmore 
Grossman 
Jacobus 
Keck 
St. Clair 
Berry 
Chavez 
Dandini 
Bergeron 
Reuscher 
Dean 
Landenberger (5) 
Garner 

Dist-5 





lac CO(IY sa US. Y W L I A I I  ~ L G U L A T O I I V ~ I C L I D N  
? U I  
IRCM 5 0 1 , M J  1 lo?. 

E t  INSTRUCTIONS ON THE REVERSE 

BlELlOORAPHlC DATA SHEET 

TITLE A N 0  SUOTITLE 

uperheated-Steam Test o f  Ethylene Propylene 
ubber Cables Using a Simultaneous Aging and 
cdident Environment. 

#andia National Laboratories 
.lbuquerque, NM 87185 > 

1 REPORT NUMBER I l u W d b r  rlOC &#a VoI NO ItanVJ 

NUREG/CR-4536 
SAND86-04 50 

3 LE4VEBLANK 

1 D4TE REPORT COUPLETEO 

WONT* *EAR 1 

A - 1 0 5 1  

bUfnO*(s) . R. Bennett, S. D. St.Clair ( K  tech), and 
. W. Gilmore (G2VanTel) 

PERFORMING ORGIN1247 ION NAME 4ND M ~ I L I N G  4DDRESS ~ I n c 1 u ~ 2 0  C&, 

lualification Methodology Assessment 
ivision 6446 

June 1986 
6 DATE REPORT ISSUE0 

YOLITU VfAR I 
June 1986 

8 PROJECT 14% WORU UNIT NUMBER 

9 FIN OR GRANT NUMBER 

T h e  superheated-steam test exposed different ethylene propylene rubber (EPR) cables and 
insulation specimens to simultaneous aging and a 2 1 -day simultaneous accident environment. In 
addition, some insulation specimens were exposed to  five different aging conditions prior to t h e  
21 -day simultaneous accident simulation. The purpose of this  superheated-steam test  (a 
follow-on to  t h e  saturated-steam tests (NUREWCR-3538) was to  (1) examine electrical 
degradation of different configurations of EPR cables,(2) investigate differences between using 
superheated-steam or saturated-steam a t  the s ta r t  of an accident simulation, (3) determine 
whether the aging technique used in t h e  saturated-steam test  induced artificial degradation, 
and (4) identify t h e  constituents in EPR which affect moisture absorption. 

0 SPONSORING ORG4NlZ4TlDN NAME 4ND MAILING ADDRESS Ilncfu4. ZIP cd8I 
:lectrical Engineering,Instrumentation & Control 
\ranch, Division of Engineering Technology 

I .S. Nuclear Regulatory Commission 
lashington, DC 20555 

)ffice of Nuclear Regulatory Research 

The  cable electrical degradation was determined by insulation resistance and A C  leakage 
current measurements. One aged multiconductor cable product had electrical degradation, 
although the aged single conductor cable did not have electrical degradation. Therefore, t h e  
current qualification practice of using single conductor cables to  qualify multiconductor cables 
may not be a conservative approach for all cables. Physical and tensile properties (measured 
af ter  the accident) for insulation specimens did not improve as  the accelerated aging time was 
increased. Therefore, the aging technique did not induce artificial degradation. In addition, t h e  
constituents that  appear to affect  moisture absorption and/or produce other chemical changes 

11, TVPE OF REPORT 

Final Report 
b PERIOD COVERED Ilnclusir, dares: 

are fire retardants, nonsurface treated clay, or lack of vinyl silane. 

4 OOCUMLNT 4NALVSiS - a  KEVWDRDSIDESCRIPTDRS 

I IBENTICIERSIOCEN ENOLD TERMS 

* U 5 GOVERNMENT PRINTING OFFICE 1986-676-049/41002 

5 bVAIL4B - ' r V  

ST4TEMEhl' 

Unlimited 
6 SECURiTV C L I S S ' $ ~ C A T I O N  

t l f w  -ai 

Unclassifiec 

Jnclassified 
7 NUMBER 0 2  P A G E S  

140 
i n  PRICE 




